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American  Railway  Engineering  and 
Maintenance  of  Way  Association. 

BULLETIN    No.    132  FEBRUARY,    1911 


REPORT  OF  COMMITTEE  IV-ON  RAIL. 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association : 

Your  Committee  on  Rail  presents  the  following  report: 

During  1910  the  following  meetings  were  held: 

Baltimore,  M<±,  February  16,  iqio.  Members  present:  Chas.  S. 
Churchill,  Chairman;  R.  Montfort,  Vice-Chairman;  R.  Trimble,  Secre- 
tary; E.  B.  Ashby,  J.  A.  Atwood,  A.  S.  Baldwin,  M.  L.  Byers,  W.  C. 
Cushing,  P.  H.  Dudley,  C.  H.  Ewing,  T.  H.  Johnson,  H.  G.  Kelley,  G. 
W.  Kittredge,  D.  W.  Lum,  J.  P.  Snow,  A.  W.  Thompson,  Geo.  G.  Yeo- 
mans  (representing  F.  A.  Delano),  M.  H.  Wickhorst,  Engineer  of  Tests 
for  the  Committee. 

The  following  representatives  of  the  Manufacturers'  Committee  were 
also  present : 

F.  W.  Wood,  President,  Maryland  Steel  Company;  W.  A.  Bostwick, 
Metallurgical  Engineer,  Carnegie  Steel  Company;  E.  F.  Kenney,  Metal- 
lurgical Engineer,  Cambria  Steel  Company;  S.  S.  Martin,  Superintend- 
ent, Maryland  Steel  Company;  P.  E.  Carhart,  Inspecting  Engineer, 
Illinois  Steel  Company;  F.  D.  Carney,  Assistant  Superintendent,  Penn- 
sylvania Steel  Company;  C.  H.  McCullough,  Vice-President  and  General 
Manager,  Lackawanna  Steel  Company;  H.  C.  Ryding,  Assistant  to  Vice- 
President,  Tennessee   Coal,   Iron  &  Railroad   Company. 

Birmingham,  Ala.,  November  1   and  2,   1910. 

Members  present:  Chas.  S.  Churchill,  Chairman;  R.  Montfort, 
Vice-Chairman ;  J.  A.  Atwood,  A.  S.  Baldwin,  W.  C.  Cushing,  Geo.  G. 
Yeomans  (representing  F.  A.  Delano),  John  D.  Isaacs,  Thos.  H.  John- 
son, M.  H.  Wickhorst. 

During  this  meeting  the  Committee  visited  the  mills  and  ore  de- 
posits of  the  Tennessee  Coal,  Iron  &  Railroad  Company. 
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Chicago,  111.,  November  29  and  30,  1910. 

Members  present:  Chas.  S.  Churchill,  Chairman;  R.  Montfort, 
Vice-Chairman ;  J.  A.  Atwood,  A.  S.  Baldwin,  J.  B.  Berry,  W.  C.  Cush- 
ing,  Geo.  G.  Yeomans  (representing  F.  A.  Delano),  C.  H.  Ewing,  Thos. 
H.  Johnson,  H.  G.  Kelley,  C.  A.  Morse  (representing  J.  W.  Kendrick), 
J.  P.  Snow,  M.  H.  Wickhorst,  F.  A.  Delano,  M.  L.  Byers. 

During  this  meeting  the  Committee  visited  the  steel  plants  of  the 
Indiana  Steel  Company  at  Gary,  and  the  South  Works  of  the  Illinois 
Steel  Company. 

In  addition  to  the  above  meetings  of  the  whole  Committee  other 
meetings  of  the  various   Sub-Committees  were  held. 

VISITS    TO     MILLS. 

The  Committee  visited  the  following  rail  mills  during  the  year : 
Tennessee    Coal,    Iron    &    Railroad    Company,    Ensley    Mills,    near 
Birmingham,  Ala. 

Indiana  Steel   Company    (U.  S.    Steel  Corporation),  Gary,  Ind. 
Illinois   Steel   Company,   South  Works,   South   Chicago,   111. 

REVIEW   OF   PREVIOUS   REPORTS. 

In  Bulletin  No.  118,  for  December,  1909,  all  previous  reports  of  the 
Committee  were  reviewed,  and  the  record,  therefore,  brought  up  to  date 
at  that  time. 

1909:     The   Committee   presented   the   statistics    of   rail   failures: 

(a)  For  the  period  of  six  months,  from  April  30  to  October  31, 
1908  (Vol.  11,  Part  1,  pp.  258  to  312),  and 

(b)  For  the  period  of  six  months,  from  October  31,  1908,  to  April 
30,  1909  (Vol.  11,  Part  1,  pp.  313  to  386),  and  in  these  statistics  are  in- 
cluded the  record  of  open-hearth  and  special  alloy  steel  rails. 

A  series  of  photographs  of  characteristic  rail  failures  is  given  in 
Vol.  11,  Part  1,  pp.  387  to  453. 

The  "Specifications  for  Steel  Rails,"  heretofore  printed  in  the  Manual, 
were  withdrawn  and  a  new  set  of  tentative  specifications  are  printed  in 
Vol.  11,  Part  1,  pp.  254  to  257,  to  serve  as  a  guide  in  the  preparation  of 
future  specifications. 

A  series  of  "Chemical  and  Physical  Tests  of  Rail"  was  conducted 
by  the  Rail  Committee  at  the  Maryland  Steel  Company's  plant,  at  Spar- 
rows Point,  Md.,  February  15,  1909,  and  the  results  were  tabulated  and 
described  in  Vol.  11,  Part  1,  pp.  454  to  493. 

Mr.  A.  W.  Thompson,  Chief  Engineer  Maintenance  of  Way  of  the 
Baltimore  &  Ohio  Railroad,  presented  a  paper  on  general  information 
concerning  the  sclerescope   and  its  uses  on  the  Baltimore  &  Ohio  Rail- 
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road,  described  the  use  of  titanium  rail,  and  discussed  rail  failures  due 
to  burns  and  crystallization,  caused  by  slipping-  of  engine  drivers  on  the 
same  railroad,  from  pp.  494  to  559,  Vol.  11,  Part  1. 

Some  slight  changes  in  the  drop-testing  machine  specifications  were 
recommended,  on  page  240,  Vol.  11,  Part  1,  and  some  necessary  changes 
were  adopted  in  some  of  the  forms  for  collecting  rail  failure  statistics, 
as  follows : 

Form  2004-A,  Summary  of  Steel  Rail  Failures. 

Form  2004-B,  Summary  of  Steel  Rail  Failures  for  a  Period  of  Years. 

Form  2004-C,  Comparison  of  Rail  Failures  Between  Different  Steel 
Companies. 

Form  2002-A,  Report  of  Rail  Failures  in  Main  Tracks. 

Form  2002-B,    Superintendent's   Monthly   Report   of   Rail    Failures. 

Form  2003-A,  Laboratory  Report  of  Chemical  and  Physical  Exam- 
ination of  Rails. 

Form  2004-D,  Position  in  the  Ingot  of  Steel  Rails. 

The  reason  for  the  changes  in  Forms  2004-A,  2004-B  and  2004-C 
was  the  adoption  of  a  change  in  the  unit  of  comparison,  from  failures 
in  percentage  of  tons  laid  to  "Number  of  Failures  per  10,000  Tons  Laid." 

WORK   DURING    1910. 

The  work  outlined  by  the  Board  of  Direction  for  the  year  was  as 
follows : 

(1)  Consider  revision  of  Manual;  if  no  changes  are  recommended, 
make  statement  accordingly. 

(2)  Continue  the  investigation  of  the  breakage  and  failure  of  rails 
and  present  summary  of  conclusions  drawn  from  reports  received. 

(3)  Report  on  the  results  obtained  from  the  use  of  open-hearth 
and  special  alloy  steel  rails,  and  chemical  composition  of  such  rails. 

(4)  Present  reports  on  the  results  of  tests  made  in  conjunction 
with  the  Manufacturers'  Committee  on  the  various  kinds  of  rail,  made 
by  means  of  the  special  machines  at  the  Pennsylvania  Steel  Company's 
mill  and  the  Sparrows  Point  mill  of  the  Maryland  Steel  Company. 

(5)  Report  on  any  recommended  changes  in  specifications  for  steel 
rails. 

(6)  Present  recommendations  on   standard   rail  sections. 

(7)  Present  report  on  rail  joints,  showing  results  of  all  tests  at 
Watertown  Arsenal,  and  recommend  design  and  specifications. 

(8)  Reconsider  and  report  any  recommended  change  in  standard 
drilling  for  rails,  as  given  in  the  Manual. 

(9)  Make  concise  recommendations  for  next  year's  work. 
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(i)      REVISION     OF     MANUAL. 

It  is  believed  by  your  Committee  that  the  subject  matter  on  "Tem- 
perature Expansion  for  Laying  Rails,"  1907  edition,  page  53,  belongs  to 
Committee  V,  Track,  and  recommends  that  it  be  transferred  to  the 
chapter  containing  the  recommendations  of  that  Committee. 

In  view  of  subsequent  changes  adopted,  it  is  recommended  that  the 
"Form  for  Reporting  Rail  Failures  in  Main  Tracks,  M.  W.  1200,"  in  the 
supplement  to  the  Manual,  Bulletin  No.  103,  pp.  16  and  17,  be  withdrawn 
and  replaced  by  the  accompanying  form,  M.  W.  404,  "Report  of  Rail 
Failures  in  Main  Tracks." 

This  form  has  heretofore  been  numbered  2002-A,  and  it  should  be 
changed  in  accordance  with  the  adopted  system  of  enumeration. 

The  revision  of  this  form  was  undertaken  on  account  of  the  sug- 
gestion of  Mr.  C.  E.  Lindsay  at  the  annual  convention  in  March,  1910, 
that  there  ought  to  be  a  method  for  indicating  the  "Gage  Side"  of  the 
rail,  and  this  deficiency  has  been  supplied  by  the  addition  to  Question  No. 
39.  At  the  same  time,  the  numbering  of  questions  was  changed  to  elim- 
inate the  letters,  and  some  of  the  questions  were  rearranged  in  what  was 
thought  to  be  a  somewhat  better  order ;  otherwise,  there  have  been  no 
important  changes  in  this  form,  and  it  has  been  found  by  experience  to 
be  well  adapted  to  the  purpose  for  which  it  was  designed.  The  mem- 
bers of  the  Association  will  find  it  more  convenient  if  they  have  this 
form  made  letter  size  instead  of  legal-cap  size,  as  is  the  custom  with 
some. 

(2    AND   3)     STATISTICS    OF    RAIL    FAILURES. 

The  statistics  of  rail  failures  for  the  six  months'  period  ending 
October  31,  1909,  were  published  in  Bulletin  No.  121,  of  March,  1910, 
and  were  adopted  at  the  last  annual  convention  for  publication  in  the 
Proceedings. 

It  was  explained  at  the  convention  that  the  statistics  were  incom- 
plete, owing  to  the  desire  to  have  them  placed  before  the  members,  and 
in  order  to  do  this  it  was  necessary  to  omit  the  statistics  from  a  number 
of  the  principal  railroad  systems,  as  they  were  not  received  in  sufficient 
time.  After  the  convention  these  delayed  reports  were  received  by  the 
Committee  and  it  was  decided  that  it  was  important  to  have  them  in- 
cluded. Therefore,  the  previous  work  in  Bulletin  No.  121  was  thrown 
away  and  the  statistics  were  retabulated  and  restudied  entirely  anew ; 
consequently,  the  information  in  Bulletin  No.  121  was  not  included  in 
the  Proceedings  for  1910,  and  the  revised  information  is  published  with 
this  report  as  Appendix  B. 
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These  statistics  also  include  information  on  the  use  of  open-hearth 
and  special  alloy  steel  rails. 

This  information  is  the  most  complete  on  the  subject  ever  published, 
and  attention  is  called  to  the  "Thoughts  Resulting  from  the  Study,"  on 
the  last  page  of  the  text.  It  has  been  stated  by  some  that  they  do  not 
believe  these  statistics  furnish  any  information  of  value,  but  your  Com- 
mittee believes  that  a  careful  study  of  the  information  will  not  warrant 
this  conclusion.  There  are  many  hints  to  be  derived  from  their  study, 
and  one  of  special  importance  is  that  differences  in  the  production  of 
ingots  and  the  finished  rail  made  from  them  may  annihilate  all  advan- 
tages derived  from  any  particular  rail  section.  The  design  of  rail  sec- 
tion is  not,  therefore,  the  main  cure  for  poor  material. 

At  the  last  annual  convention  it  was  decided  by  the  Association  to 
have  these  statistics  compiled  annually  thereafter,  instead  of  semi- 
annually, as  heretofore.     The  next  annual  period  ends  with  October  31, 

1910,  and  the  Secretary  of  the  American  Railway  Association  has  already 
sent  out  the  circular  and  blanks  for  obtaining  the  statistics  for  tabula- 
tion.    This  compilation  may  not  be  ready   for  the  annual   convention  in 

191 1,  but  the  Committee  hopes  that  it  will  be  published  in  a  Bulletin  soon 
enough  thereafter  to  obtain  a  letter-ballot  of  the  Association,  approving 
it,  so  that  it  can  be  included  in  the  Proceedings  for  191 1. 

In  this  connection  Mr.  W.  C.  Cushing  has  furnished  the  Committee 
with  studies  of  individual  or  single  rails  which  have  failed  in  the  main 
tracks,  and  these  studies  are  made  a  part  of  this  report,  as  Appendix  D. 

(4)     EXPERIMENTS    AND    TESTS. 

Mr.  M.  H.  Wickhorst,  the  Engineer  of  Tests  for  the  Committee,  has 
been  conducting  experiments  and  tests  under  the  direction  of  the  Com- 
mittee for  the  past  year,  and  the  results  of  his  work  are  issued  as  Ap- 
pendix E  of  this  report.  In  connection  with  the  eleven  separate  reports 
made  by  Mr.  Wickhorst,  a  statement  of  the  results  believed  to  have  been 
accomplished  by  this  work  up  to  the  present  time  is  furnished.  The 
members  are  referred  to  this  statement  and  the  separate  reports  for  de- 
tailed information. 

The  cost  of  this  work  has  been  borne  entirely  by  the  American 
Railway  Association,  and  the  appropriation  made  last  year  has  been 
practically  exhausted.  The  Chairman  of  your  Committee  appeared,  how- 
ever, in  November,  before  the  Committee  on  Maintenance  and  the 
Executive  Committee  of  the  American  Railway  Association  and  received 
an  additional  appropriation  of  $6,000  for  continuing  the  work. 
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(5)  SPECIFICATIONS. 

On  February  16,  1910,  the  Committee  met  with  the  Manufacturers' 
Committee,  in  Baltimore,  and  discussed  a  preliminary  draft  of  the  pro- 
posed new  specifications.  After  this  discussion  some  slight  changes  were 
made,  although  not  all  that  were  desired  by  the  Manufacturers'  Com- 
mittee, and  these  specifications,  as  finally  recommended  by  the  Committee, 
were  adopted  as  tentative  by  the  Association  at  the  annual  convention 
in  March,  1910.  They  are  printed  in  Vol.  11,  Part  1,  pp.  254  to  257,  but 
will  not  be  included  in  the  Manual.  Of  course,  the  principal  work  of 
this  Committee  is  the  preparation  of  a  standard  set  of  specifications  for 
steel  rail,  and  the  large  amount  of  data  and  statistics  being  published  in 
these  reports  from  time  to  time  by  the  Committee  are  to  enable  the 
members  of  the  Association,  as  well  as  the  members  of  the  Committee, 
to  determine  upon  a  set  of  specifications  which  will  bring  about  the 
manufacture  of  "Good  Steel  Rails."  The  subject  is  a  very  intricate  one 
and  its  study  carries  one  back  through  all  the  processes  of  manufacture. 
It  will,  therefore,  be  readily  seen  that  a  large  amount  of  time  is  required 
for  this  study,  involving,  as  it  does,  the  making  of  tests  and  the  carrying 
on  of  experiments. 

It  is  believed  by  the  Committee  that  no  rails  have  as  yet  been  pur- 
chased under  the  tentative  specifications  referred  to  above,  but  the  differ- 
ences between  them  and  the  specifications  used  by  some  of  the  large  rail- 
road systems  are  not  very  great.  They  are  being  brought  nearer  together 
all  the  time. 

Your  Committee  hopes  to  have  enough  information  during  the  com- 
ing year  to  be  enabled  to  make  further  recommendations  with  regard  to 
them. 

(6)  RAIL     SECTIONS. 

No  attempt  has  as  yet  been  made  by  the  Committee  to  design  a  new 
rail  section,  as  many  of  the  large  systems  have  begun  to  use  the  two 
types,  A  and  B,  designed  by  the  American  Railway  Association,  and  it 
has  been  thought  advisable  to  obtain  information  derived  from  service, 
relative  to  these  sections  and  others  of  special  design,  which  may  be  in 
use,  before  making  any  new  recommendations.  These  new  designs  are 
being  watched,  and  it  is  hoped  that  in  the  course  of  time  some  definite 
information  will  be  obtained.  At  present  there  are  two  parties,  one  fa- 
voring Type  A,  representative  of  the.  high  stiff  design  with  thin  head, 
and  the  other  Type  B,  representative  of  the  lower  and  more  flexible  de- 
sign, with  heavy  head. 

In  order  to  throw  some  light  on  the  controversy  between  those 
representing  the   thin  head,  on   the   one   hand,   and   the   heavy   head,   on 
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the  other,  Mr.  Wickhorst  made  his  study  on  the  "Strength  of  Rail 
Head,"  in  his  report  No.  9  of  Appendix  E.  This  study  was  intended 
also  to  give  some  information  relative  to  the  claim  that  the  head  of  a 
rail  is  broken  down  by  the  excessive  equipment  loads  of  the  present  day, 
even  though  there  be  no  physical  defect  in  the  interior  of  the  rail  head. 

(7)    TESTS    OF    RAIL    JOINTS. 

The  first  series  of  these  tests,  made  at  the  Waterlown  Arsenal,  were 
published  in  Bulletin  No.  123,  as  Appendix  A,  and  are  to  be  regarded  only 
as  a  progress  report,  as  the  entire  series  of  tests  have  not  been  completed. 
Very  guarded  use  should  be  made  of  the  information  in  these  tests,  as  the 
material  in  the  different  splice  bars  varies  so  widely  that  it  is  difficult  to 
judge  of  the  value  of  the  different  designs.  The  state  of  affairs  is  the 
same  as  in  the  case  of  the  rail  section,  when  your  Committee  pointed  out 
that  all  differences  in  rail  section  can  be  annihilated  by  the  quality  of  the 
material.  This  Bulletin  should  not  be  reproduced  in  the  Proceedings 
until  the  tests  have  been  completed. 

(8)     STANDARD    DRILLING    FOR    RAILS. 

This  study  has  been  commenced,  but  has  not  yet  proceeded  far. 
Only  progress,  therefore,  is  reported. 

MISCELLANEOUS. 

Mr.  Churchill  has  made  a  valuable  study,  involving  the  compilation 
of  a  large  number  of  tests,  which  is  included  with  this  report  as  Appendix 
C,  "Statement  of  Drop  Tests  and  Chemical  Analyses  of  Rails  Rolled  for 
the  Norfolk  &  Western  Railway,  giving  Results  of  Various  Heights  of 
Drop  on  Rails  of  Known  Composition,  and  a  Comparison  of  Rail  Analyses 
with  Mill  Analyses." 

Other  information  of  this  kind  has  been  furnished  by  the  Pittsburgh 
&  Lake  Erie  Railroad,  the  Louisville  &  Nashville  Railroad,  the  Phila- 
delphia &  Reading  Railway,  the  Boston  &  Maine  Railroad  and  the  Penn- 
sylvania Lines  West  of  Pittsburgh,  which  is  now  being  studied  by  the 
Committee,  and  the  results  may  be  issued  later. 

As  the  data  from  different  persons  was  collected,  it  was  discovered 
that  comparisons  were  sometimes  difficult,  on  account  of  lack  of  uni- 
formity in  the  selection  of  the  locations  of  borings  for  chemical  analyses 
and  of  tensile  test  pieces.  The  Committee  has,  therefore,  made  a  study 
of  the  question,  and  recommends  that  these  locations  be  made  standard. 
They  are  shown  in  the  accompanying  illustrations. 

When  an  order  of  rail  is  being  rolled  by  the  mill,  the  reports  made 
by  the  inspectors  are  very  voluminous,  and  it  is  impossible  to  study  them 
without  tabulation.     Furthermore,  the  tabulations  made  by  different  rail- 
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way  companies  are  not  comparable,  unless  made  in  the  same  form.  The 
Committee  has  found  it  necessary  to  adopt  a  form  for  this  purpose,  and 
the  one  illustrated  herewith  is  recommended  for  approval  by  the  Associa- 
tion for  the  present.  It  may  be  found  that  changes  in  the  future  will  be 
required. 

In  view  of  the  changes  on  the  back  of  M.  W.  404,  above  outlined 
under  "Revision  of  Manual,"  it  is  necessary  to  change  the  back  of  M.  W. 
405  (old  No.  2002-B),  Superintendent's  "Report  of  Rail  Failures,"  so 
that  the  arrangement  will  be  the  same.  This  is  also  illustrated  by  a 
drawing. 

A  study  of  a  complete  heat  of  Bessemer  steel  has  been  made  under 
the  direction  of  Mr.  Trimble,  and  is  submitted  herewith  for  the  informa- 
tion of  the  members. 

A  tabulated  statement  of  the  different  practices  in  connection  with 
rail  rolling  in  American  mills  has  been  compiled  and  is  submitted  here- 
with for  the  information  of  the  members. 

AMERICAN  STEEL  RAIL  MILL  PRACTICE. 
Compiled  by  Robert  W.  Hunt  &  Co. 
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American    Railway  Engineering   and    Maintenance  of  Way   Association. 

RESULTS  OF  DROP  ts:sts  AND  SUJ5FXCF  msBEemnri  nr  PAIl_s  gor.,m  nrn?™* 


No  of  Tons  Receiv 


Name  of  Company 
Rolled 


75 


These  too  columns 
are  for  office  use 

in  compiling  the 
several  rollings  and 
Shipments,  and  are 
to  be  removed  on  hne 
>  'from  the  finished 
report. 


?  not  accepted,  columns  8, 9,  10,  ti  and 


isr Average  •■'..■ 

rti/hwt MrJ/ys  lobe  , 

2nd  Average  fatfs,s  of  fails  I 

-■"jr  -,';  ~  '  --  -}-  ,•■■"- "  '*-"-•  •■" 


9  Accepted 


j  of  Rails  fhje, 


^ 


J*  I 
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DROP    TESTS 
Drop  Tests  shall  be  made  on  pieces  of  rail  roiled  from  the  top  of 
the  ingot,  not /ess  than  four  (4)  ft  end  not  more  than  sin(€)fr  long,  from 


The  test  pieces  shall  be  placed  head  upward  on  solid  supports,  five 
(5.)  in  top  radius,  three  (3)  ft  between  centers,  and  subjected  to 
impact  tests,  the  tup  falling  free  from  the  foltorvmg  heights: 

70  ib.rail is  ft 

80,85  and90lb  raii         IB  ft 

100  lb  rail ...,20  ft 

The  test  pieces  which  do  not  break  under  the  first  drop  shall 
be  nicked  and  tested  to  destruction 


!   Rejected 


(a)  T,vo  p  eces  shall  be  tested  from  each  heat  of  steel  if 
either  of  these  test  pieces  breaks,  a  third piece  shall be  tested, 
if  too  of  the  test  pieces  break  without  $-ca--j  physical  defect 
all  rails  of  the  heat  will  be  rejected  absolutely,  if  too  of  the  test 
pieces  do  not  break,  ail  rails  of  the  heat  will  be  accepted  as  Mo  I 
or  Ma  2  classification,  according  as  the  deflection  is  less  or 
more,  respectively,  than  the  prescribed  limit 


TESTS    AND    INSPECTION 


£ffec*of    tet^B,*, 


If  two  out  of  three  of  these  second  test  pieces  do  not  break,  the 
remainder  of  the  rails  oftheheat  will  be  accepted  provided  they 
conform  to  the  other  requirements  of  these  specifications.es  No.l 
or  No  2  classification  according  as  the  deflection  is  less  or  more, 
respectively,  than  the  prescribed  limit 

(d)  If  any  test  piece,  tesfa;does  not  breaH,  but  when  melted  and 
tested  to  destruction  shows  interior  defect  the  top  rails  from 
each  ingot  of  that  heat  shall  be  rejected 


m 
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RECOMMENDATIONS    FOR    WORK    IN    1911. 

As  nearly  all  of  the  different  items  of  work  of  the  Rail  Committee 
are  leading  up  to  the  preparation  of  a  standard  set  of  specifications  for 
steel  rail  and  the  design  of  a  standard  rail  section,  together  with  the  ap- 
pliances that  go  with  the  rail,  and  as  these  specifications  and  design  have 
not  yet  been  completed,  it  is  recommended  that  the  outline  for  the  Com- 
mittee's work  during  the  coming  year  be  the  same  as  that  for  the  past 
year. 

Under  item  No.  4  the  Committee  desires  to  make  a  closer  study  of 
ingot  making,  as  the  principal  defects  connected  with  rail  manufacture 
seem  to  have  their  origin  in  the  making  of  the  ingot.  It  is  true  that  the 
temperature  of  the  bar  during  manufacture  and  the  amount  of  work 
done  upon  it  have  a  strong  effect  on  the  subsequent  quality  of  the  finished 
rail,  but  the  studies  of  your  Committee  lead  it  at  present  back  to  the 
ingot  as  the  source  of  our  most  serious  defects,  viz :  brittleness,  unsound- 
ness and  segregation. 

The  Committee  also  hopes  to  study  the  relationship  of  the  chemistry 
to  the  deflection  under  the  drop,  for  the  purpose  of  making  a  deflection 
formula,  and  in  this  connection  it  may  endeavor  to  establish  a  relation- 
ship between  the  tensile  strength  and  the  elongation,  or  between  the 
permanent  set,  as  given  by  the  drop  test,  and  the  elongation,  so  that  the 
ductility  of  the  metal  shall  be  valued  in  the  acceptance  or  rejection  of  the 
material,  by  means  of  a  co-efficient,  as  has  already  been  done  by  Profes- 
sors Tetmajer  and  Dormus.  Work  in  this  line  has  already  been  done 
for  the  New  York  Central  Lines  by  Dr.  P.  H.  Dudley,  and  his  own 
statement  of  his  practice  is  submitted  as  Appendix  F. 

^CONCLUSIONS. 
The  Committee  presents  the  following  conclusions  for  your  approval : 

1.  That  the  subject  matter  on  "Temperature  Expansion  for  Lay- 
ing Rails,"  Manual,  1907  edition,  page  55,  be  transferred  to  the  chapter 
in  the  Manual  containing  the  approved  resolutions  of  Committee  V, 
on  Track. 

2.  That  the  "Form  for  Reporting  Rail  Failures  in  Main  Tracks, 
M.  W.  1200,"  be  replaced  in  the  Manual  by  form  "M.  W.  404,  Report 
of  Rail    Failures    in    Main   Tracks." 

3.  That  the  changes  in  Form  M.  W.  405  (old  No.  2002-B)  be 
approved,  and  the  form    included   in   the    Manual. 


*For  publication  in  the  Manual. 
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4.  That  the  drawing  showing  "Standard  Locations  of  Borings  for 
Chemical  Analyses  and  of  Tensile  Test  Pieces"  be  adopted  and  in- 
cluded  in  the  Manual. 

5.  That  the  form  for  tabulating  "Results  of  Drop  Tests  and  Sur- 
face Inspection  of  Rails"  be  adopted  and  included  in  the   Manual. 

Respectfully   submitted, 

Chas.  S.  Churchill   (Second  Vice-President),  Chief  Engineer,  Norfolk 

&  Western  Railway,  Roanoke,  Va.,  Chairman. 
R.    Montfort,    Consulting    Engineer,    Louisville    &    Nashville    Railroad, 

Louisville,  Ky.,  Vice-Chairman. 
Robert    Trimble    (Director),    Chief     Engineer     Maintenance     of     Way, 

Northwest    System,    Pennsylvania    Lines,    Pittsburgh,    Pa.,    Secretary. 

E.  B.  Ashby,  Chief  Engineer,  Lehigh  Valley  Railroad,  New  York,  N.  Y. 
J.  A.  Atwood,  Chief  Engineer,  Pittsburgh  &  Lake  Erie  Railroad,   Pitts- 
burgh, Pa. 

A.  S.  Baldwin  (Director),  Chief  Engineer,  Illinois  Central  Railroad, 
Chicago,  111. 

J.  B.  Berry,  Chief  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago,  111. 

M.  L.  Byers,  Chief  Engineer  Maintenance  of  Way,  Missouri  Pacific  Rail- 
way, St.  Louis,  Mo. 

W.  C.  Cushing  (First  Vice-President),  Chief  Engineer  Maintenance  of 
Way,   Southwest   System,   Pennsylvania  Lines   West,   Pittsburgh,   Pa. 

F.  A.  Delano,  President,  Wabash  Railroad,  Chicago,  111. 

Dr.  P,  H.  Dudley,  Consulting  Engineer,  New  York  Central  Lines,  New 
York,  N.  Y. 

C.  H.  Ewing,  Superintendent,  Atlantic  City  Railroad  Company,  Camden, 

N.J. 

John  D.  Isaacs,  Consulting  Engineer,  Harriman  Lines,  Chicago,  111. 

Thos.  H.  Johnson,  Consulting  Engineer,  Pennsylvania  Lines  West,  Pitts- 
burgh, Pa. 

Howard  G.  Kelley  (Past-President) ,  Chief  Engineer,  Grand  Trunk  Rail- 
way System,  Montreal,  Canada. 

J.  W.  Kendrick,  Vice-President,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Chicago,  111. 

George  W.  Kittredge  (Past-President),  Chief  Engineer,  New  York  Cen- 
tral &  Hudson  River  Railroad,  New  York,  N.  Y. 

D.  W.  Lum,  Chief  Engineer  Maintenance  of  Way  and  Structures,  South- 

ern Railway,  Washington,  D.  C. 

Jos.  T.  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania 
Railroad,  Philadelphia,  Pa. 

J.  P.  Snow,  Chief  Engineer,  Boston  &  Maine  Railroad,  Boston,  Mass. 

A.  W.  Thompson  (Director),  General  Manager,  Baltimore  &  Ohio  Rail- 
road, Baltimore,  Md. 

M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

Committee. 


Appendices  to   Report  of  Committee   IV — Rail. 

(Published  in  Part  2,  Vol.    12,   of  the  Proceedings  for  1911.) 

Your  Committee  submits  the  following  statements  as  Appendices  to  its 
report.     They  consist  of: 

(A)  "Tests  of  Rail  Joints  of  Watertown  Arsenal,"  was  published 
in  Bulletin  123,  and  is  to  be  considered  as  a  progress  report,  no  conclusions 
having  been  derived  from  it  up  to  the  present  time. 

(B)  Rail  Failure  Statistics  for  Six  Months'  Period  Ending  October 
31,  1910. 

(C)  Drop  Tests  of  Rails;  Deflection,  Elongation  and  Compression; 
being  a  statement  of  Drop  Tests  and  Chemical  Analyses  of  Rails 
Rolled  for  the  Norfolk  &  Western  Railway,  Giving  Results  of  Various 
Heights  of  Drop  on  Rails  of  Known  Composition  and  a  Comparison  of 
Rail  Analysis  with  Mill  Analysis. 

(D)  Studies  of  Individual  or  Single  Rails  Which  Have  Failed  in 
Main  Tracks,  in  two  parts : 

(a)  A  Study  of  40  Rails. 

(b)  A  Study  of  68  Rails. 

(E)  Experiments  and  Tests  by  M.  H.  Wickhorst,  as  follows : 
Reports   Nos.    1   and   2.     Tests   of  Bessemer   Rails — Maryland   Steel 

Company. 

Report  No.  3.  Tests  of  Titanium  Bessemer  Rails — Lackawanna  Steel 
Company. 

Report  No.  4.  Tests  of  Bessemer  Rails — Illinois  Steel  Company, 
South  Works. 

Report  No.  5.     Tests  of  Open-Hearth  Rails — Gary  Works. 

Report  No.  6.  Tests  of  Bessemer  Rails — 'Edgar  Thomson  Works, 
Carnegie  Steel  Company. 

Report  No.  7.     Investigation  of  a  Split  Head  Rail. 

Report  No.  8.     Segregation  as  Influenced  by  Fire-clay  on  Ingot. 

Report  No.  9.     Strength  of  Rail  Head. 

Report  No.  10.     Flow  of  Rail  Head  under  Wheel  Loads. 

Report  No.  11.  Drop  Tests  of  Rails,  Effect  of  Impart  Energy  vari- 
ously distributed. 

(F)  Ductility  Tests  of  Rails  under  Specifications  of  the  New  York 
Central  Lines. 
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Appendix    B. 

RAIL  FAILURE  STATISTICS  FOR  SIX  MONTHS' 
PERIOD  ENDING  OCTOBER  31,  1909. 

Submitted   by   Sub-Committee   "C,"   W.   C.   Cushing,   Chairman. 

Statistics  for  this  period  were  first  published  in  Bulletin  No.  121,  but 
owing  to  the  desire  to  have  the  report  ready  for  the  annual  convention 
in  March,  1910,  the  reports  from  a  number  of  railroads,  which  were  late 
in  coming,  were  omitted. 

After  the  convention  it  was  decided  by  the  Rail  Committee  that  it 
would  be  advisable  to  retabulate  the  information,  using  all  the  reports 
which  had  been  received  in  answer  to  American  Railway  Association 
Circular  No.  966.  Such  answers  were  received  from  71  railroads,  and 
nearly  all  of  them  have  been  used  in  the  preparation  of  the  summaries 
and  diagrams  accompanying  this  report.  The  statistics  are  for  the  greater 
number  of  the  large  railway  systems,  and  the  number  of  tons  reported 
are  7,445,825. 

The  information  contained  in  Bulletin  No.  121  will  not  be  published 
in  the  Proceedings,  but  the  present  report  will  be  printed  in  the  191 1 
Proceedings  instead. 

A  statement  is  submitted,  giving  the  names  of  the  companies  which 
have  answered  the  circular,  and  showing  whether  the  information  was  in 
shape  for  use  or  not. 

The  report  consists  of  the  following  divisions : 

(1)  The  tabulation  of  the  information  received  from  each  company, 
tables  1  to  48. 

(2)  A  summary  by  weights,  sections  and  kind  of  steel,  tables  49 
to  59- 

(3)  A  tabulation  of  data  for  diagrams  1  to  5,  tables  60  fo  72. 

(4)  A  report  of  failures,  classified  according  to  the  position  in  the 
ingot,  tables  73  to  102. 

(5)  A  report  on  the  comparative  wear  of  special  rails,  tables  103 
to  no. 

(6)  Diagrams  1,  2,  3,  4  and  5,  showing  the  comparison  of  failures 
graphically  for  different  studies. 

(7)  Drawings  of  rail  sections  referred  to  in  the  reports. 


Report  No.  17,  February,  1911. 

21 


22  RAIL  FAILURE  STATISTICS. 

GENERAL    SUMMARY    (TABLES    I    TO   48). 

In  considering  the  number  of  failures,  all  lots  less  than  1,000  tons 
have  been  ignored,  as  they  usually  lead  to  exaggerated  results.  The 
number  of  failures  range  from  o  to  698  per  10,000  tons  of  new  rail  laid. 

There  were  no  failures  reported  for  the  following  lots  of  rail : 

100  lb.  A.  S.  C.  E Cambria Bess 1903  on  Penna.  Lines  West 

1001b.  P.  S Illinois Bess 1909  on  Penna.  Lines  West 

100  lb.  A.  S.  C.  E Algoma O.  H 1907-1909  on  Michigan  Central.1 

100  1b.  Dudley Lackawanna O.  H 1908 on  New  York  Central  Line* 

1001b.  P.  S Carnegie O.  H.-A 1909 on  Penna.  Lines  West 

1001b.  P.  S Carnegie O.  H.-B 1909 on  Penna.  Lines  West 

90  1b.  A.  R.  A.-B Illinois Bess 1909 on  B.  &  O. 

90  1b.  Gt.  Nor Lackawanna Bess  1908 on  Great  Northern 

901b.  A.  R.  A.-A Gary O.  H 1909 on  B.  &  O. 

90  1b.  A.  R.  A.-B Gary O.  H 1909 on  B.  &  O. 

90  lb.  Gt.  Nor Penna O.  H 1908-1909  on  Great  Northern 

85  lb.  P.  R.  R Illinois Bess 1895-1898  on  Penna.  Lines  West 

85  1b.  A.  S.  C.  E National ..Bess 1901 on  Norfolk  &  Western 

85  lb.  A.  S.  C.  E Lorain Bess 1900-1901  on  Penna.  Lines  West 

85  lb.  A  S.  C.  E Carnegie Bess 1905 on  Rock  Island  Lines 

85  lb.  A.  R.  A.-A C.  F.  &  I Bess 1909 on  A. ,  T.  &  S.  F. 

85  lb.  A.  S.  C.  E Penna.  Steel O.  H 1909 on  Norfolk  &  Western 

85  lb.  A.  S.  C.  E Bethlehem O.  H 1909 on  Norfolk  &  Western 

85  1b.  A.  S.  C.  E Gary O.  H 1909 on  Rock  Island  Lines 

85  1b.  P.  S Gary O.  H.-B 1909 on  Penna.  Lines  West 

80  lb.  A.  S.  C.  E Carnegie Bess 1902-1903  on  Houston  &  Texas  Cent. 

801b.  A.  S.  C.  E Maryland Bess 1904-1907  on  Houston  &  Texas  Cent. 

801b.  A.  S.C.E Carnegie Bess 1899-1904  on  Evansville  &  Terre  Haute 

80  1b.  A.  S.C.E National Bess 1901 on  L.  S.  &  M.  S. 

80  1b.  A.  S.  C.  E Lackawanna Bess 1907-1908  on  Marquette  &  South  East 

801b.  A.  S.  C.  E Lack.  <fe  111 Bess 1806 on  Mumsing  Railway 

80  1b.  A.  S.C.E Algoma Bess 1902 on  Michigan  Central 

801b.  A.  S.  C.  E Lorain Bess 1902-1904  on  Rock  Island  Lines 

80  1b.  A.  S.  C.  E Illinois Bess 1903-1905  on  St.  Joseph  &  Grand  Island 

80  lb.  A.  S.  C.  E T.  C.  &  I O.  H 1905 on  Big  Four. 

751b.  C.  S Carnegie Bess 1896-1905  on  Houston  &  Texas  Cent. 

75  1b.  C.  S Illinois Bess 1907 on  St.  Joseph  &  Grand  Island 

75  lb.  B.  &  M Lackawanna Bess 1907 on  Somerset  Railway 

Note:  O.H-A  contains  phosphorus  not  to  exceed  .03  and  carbon  .70 
to  .83,  while  O.H-B  has  not  over  .04  phosphorus  and  carbon  .62  to  .75. 

It  should  be  borne  in  mind  when  considering  the  above,  as  well  as 
what  follows,  that  these  records  are  for  six  months  only,  and  in  some 
cases  the  failures  have  not  begun,  while  in  others  the  poor  rails  have 
been  pretty  thoroughly  weeded  out. 

The  698  failures  per  10,000  tons  were  of  the  90-lb.  A.S.C.E.  Chrome 
Nickel  rail  of  the  year  1909  on  the  Central  Railroad  of  New  Jersey  (page 
15),  the  chemical  composition  of  which  is  not  given. 

There  were  347  failures  per  10,000  tons  of  85-lb.  P.S.  Carnegie  Besse- 
mer 1909  rail  on  the  Pennsylvania  Lines  West,  with  specified  chemical 
composition  as  follows : 

Carbon SO 

Phosphorus    10 

Manganese    1.00 

Silicon    12 

This  unfavorable  showing  was  traced  to  a  certain  month's  rolling, 
and  it  was  found  that  there  were  a  large  number  of  bad  heats  during 
that  month,  the  reason   for  which  is  not  known.     All  of  these  failures 
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were  from  a  lot  of  2,045  tons  on  the  Northwest  System  of  the  Pennsyl- 
vania Lines  West  of  Pittsburgh  (page  25),  and  no  such  experience  has 
been  met  with  on  the  Southwest  System,  which  received  about  the  same 
tonnage  of  Carnegie  rail  of  1909  rolling. 

The  remainder  of  the  rail  failures  of  considerable  numbers  are  given 
in  the  tabulated  form  below: 


No. 

113  of  100  lb. 

114  of  90  1b. 
102  of  85  1b. 

77  of  90  1b. 

61  of  90  lb. 

66  of  90  1b. 

63  of  901b. 

59  of  85  1b. 

73  of  85  lb. 

57  of  80  lb. 

56  of  80  1b. 


P.  R.  R... 
A.  S.  C.E.. 

P.S 

A.  S.  C.  E.. 
A.  S.  C.  E.. 
A.  S.  C.  E.. 
A.  R.  A.-B. 
A.  S.C.E.. 
C.  B.  &Q.. 
A.  S.  C.  E.. 
A.  S.  C.  E.. 


87  of  80  1b.   A.  S.  C.  E 

53  of  801b.   A.  S.  C.  E 

97  of  75  1b.    C.  S 

85  of  90  lb.  N.  Y.,  N.  H.  &  H 


.  .Bess 1908-1909  Maryland on  P.  R.  R . 

...Bess 1903-1908  Carnegie on  P.  &  L.  E. 

...Bess 1909 Carnegie on  P.  L.  W. 

.  .Bess 1907 Cambria on  C.  R.  R.  of  N.  J. 

. .  .Bess 1906 Lackawanna on  Big  Four 

. .  .0.  H 1908-1909  Bethlehem on  C.  R.  R.  of  X.  J. 

.  ..O.  H 1908-1909  Bethlehem on  B.  &  O. 

..Bess 1898-1909  Carnegie on  B.  &  O. 

..Bess 1906-1907  Carnegie on  C.  B.  &  Q. 

, . .  Bess 1898-1908  Carnegie on  Big  Four 

, .  Bess 1896-1904  Illinois on  Lake  Superior 

&  Ishpeming 
. .  .Bess 1904 Carnegie on  Union  Pacific 

.  .O.  H 1906 Dom on  Grand  Trunk 

. . .  Bess 1905-1908  Various on  Southern  Pac. 

...Bess 1909 McKenna on  X.Y.X.H.&H. 


Taking  all  the  reports  which  have  been  summarized  on  pp.  49  to  59, 
the  failures  are  divided  into  Broken,  Head  Failures,  Web  Failures  and 
Base  Failures,  according  to  the  following  precentages : 

Six  Months  Ending 
October  31,  1909. 

Broken    Failures 19% 

Head    Failures 66^2% 

Web    Failures %]/>% 

Base    Failures 6% 

The  above  are  divided  for  the  different  weights  of  rail,  and  between 
Bessemer  and  Open-Hearth  steel,  as  follows : 


Figures  below  are  percentages  of  total  failures 

Weight  of  Rail 

Broken 

Head  Failures 

Web  Failures 

Base  Failures 

Bess. 

O.  H.        Bess. 

O.  H. 

Bess. 

O.  H. 

Bess.        O.  H. 

100 

20 

17 

16 

15'4 

28 

19              58 
34              74 
214           69% 

40% 
50^4 
fi.W 

6 
614 

28M 
12 
Q 

V  2 

3 

8 

5 

3 

12 

90 

3M 
6 

85 

80 

15 

614           10 

6 

75 

51H 

" 

17K 

These  figures  do  not  show  that  the  breakages  of  the  heavy  sections 
are  fewer  than  the  lighter  sections,  except  in  the  case  of  75-Ib.  rail.  The 
head  failures,  however,  of  the  100-lb.  rail  seem  to  be  materially  less  than 
those  of  90  and  85-lb.  rail.  These  figures  furnish  an  example  of  how 
difficult  it  is  to  draw  conclusions  from  general  statistics  where  all  the 
conditions  are  not  the  same. 
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DIAGRAM     I — COMPARISON    BETWEEN    DIFFERENT    WEIGHTS    OF    RAIL,    BESSEMER 

STEEL. 

As  for  the  previous  period,  ending  April  30,  the  head  failures  are 
the  most  numerous,  those  for  90-lb.  being  slightly  more  numerous  than 
for  the  others.  Those  for  85-lb.  and  100-lb.  come  next,  and  are  nearly 
the  same. 

The  number  of  breakages  is  closely  the  same  in  all  cases,  while  the 
web  and  base  failures  are  quite  insignificant. 

DIAGRAM  2 — COMPARISON  BETWEEN   DIFFERENT  WEIGHTS  OF  RAIL,  OPEN-HEARTH 

STEEL. 

The  head  failures  of  the  80-lb.  are  the  most  noticeable.  Nine  com- 
panies furnished  these  statistics   (table  94),  as  follows: 

Central  New  England. 

Grand  Trunk. 

New  York,  New  Haven  &  Hartford. 

Rock   Island. 

Big  Four. 

Nashville,  Chattanooga  &  St.  L.  Ry. 

Galveston,  Harrisburg  &  San  Antonio  Ry. 

Louisville  &  Nashville. 

Southern. 

Page  62  shows  that  nearly  all  of  these  failures  were  on  the  Grand 
Trunk  and  were  of  80-lb.  A.S.C.E.  Dominion  Iron  &  Steel  Company  1906 
rail,  the  chemical  composition  of  which  was : 

Carbon     55  to  0.65 

Phosphorus     .06  (.05  obtained) 

Manganese     85  to  1.10 

Silicon     15 

Sulphur    05 

The  carbon  is  not  high  for  the  amount  of  phosphorus,  but  it  is 
understood  that  the  metal  was  quite  badly  segregated. 

DIAGRAM    3 — COMPARISON    BETWEEN    DIFFERENT    SECTIONS     OF    RAIL,    BESSEMER 

STEEL. 

The  information  for  this  diagram  is  tabulated  in  tables  63  to  67. 

The  head  failures  of  P.S.  85-lb.  rail  are  the  most  noticeable,  amount- 
ing to  35.8  per  10,000  tons  laid,  and  the  explanation  already  given  is  that 
they  are  principally  from  a  lot  of  2,045  tons,  on  the  Northwest  System  of 
the  Pennsylvania  Lines  West  of  Pittsburgh,  of  Carnegie  1909  rail.  Dur- 
ing the  month  these  rails  were  rolled  many  defective  heats  were  found, 
indicating  that  the  failures  were  caused  by  the  quality  of  the  material, 
and  not  the  rail  section. 

A  moderate  number  of  base  failures  is  shown  in  the  Great  Northern 
80-lb.  rail,  which  is  Illinois  Steel  of  1904  to  1907  rolling,  containing : 
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Carbon     0.43  to     .58 

Phosphorus    0.10 

Manganese    0.80  to  1.10 

Silicon    ,. 0.20 

There  is  nothing  in  the  chemical  constituents  which  would  account  for 
these  special  failures.  A  drawing  of  the  rail  has  not  yet  been  received, 
although  requested. 

The  number  of  head  failures  have  been  listed  below  in  their 
descending  numerical  order,  and  opposite  each  has  been  marked  a  letter 
indicating  whether  the  section  is  heavy  or  thin  head  or  of  stiff  or  low  de- 
sign, using  the  A.  R.  A-A  as  the  standard  for  thin  head  and  stiff  design, 
and  the  A.  R.  A-B  as  the  standard  for  heavy  head  and  low  design;  except 
in  the  case  of  85-lb.,  the  C.P.R.  is  used  as  the  standard  for  thin  head, 
the  Dudley  for  the  stiff  design,  and  the  P.S.  for  the  heavy  head  and  low 
design. 

DIAGRAM  3. 
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It  will  be  noticed  that  under  this  gage  the  A.  S.  C.  E.  80-lb.  and  90-lb. 
sections  are  heavy  heads. 

Of  the  ioo-lb.,  the  N.  Y.,  N.  H.  &  H.  100-lb.  section  makes  the  best 
showing,  and  it  can  be  classed  as  a  stiff  section  with  heavy  head. 

The  next  best  is  the  A.  R.  A-A  100-lb.,  and  the  next  the  A.  R.  A-B 
100-lb.,  and  then  comes  the  Dudley  100-lb.  of  stiff  design  with  thin  head. 

Of  the  90-lb.  the  G.  N.  section  makes  the  best  showing. 

Of  the  85-lb.  the  A.  R.  A-A  of  stiff  design  with  thin  head  and  the 
P.  R.  R.  of  low  design  with  heavy  head  are  the  best.  Close  to  them  is 
the  C,  B.  &  Q.  of  stiff  design  with  heavy  head. 

Of  the  80-lb.  the  best  showing  is  made  by  the  N.  Y.,  N.  H.  &  H., 
which  turns  out  to  be  an  A.  S.  C.  E.  section  and  is,  therefore,  of  low 
design  and  heavy  head,  and  the  Dudley,  which  is  of  stiff  design  and 
heavy  head. 
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The  broken  rails  are  comparatively  few,  the  most  noticeable  being 
the  C.  S.  75-lb.  and  then  the  P.  R.  R.  100-lb.  with  heavy  head. 

DIAGRAM    4 — COMPARISON    BETWEEN1    SECTIONS    OF    RAIL,    OPEN-HEARTH    STEEL. 

The  information  for  this  diagram  is  tabulated  in  tables  68  to  69.  The 
head  failures  are  the  most  numerous  for  A.  S.  C.  E.  90-lb.,  G.  N.  85-lb., 
C.  S.  90-lb.  and  A.  R.  A-B  90-lb. 

The  A.  S.  C.  E.  90-lb.  rail  is  of  Bethlehem  manufacture  on  the 
B.  R.  &  P.  and  the  C.  R.  R.  of  N.  J.,  while  the  85-lb.  G.  N.  and  the 
90-lb.  C.  S.  are  T.,  C.  &  I.  Company. 

There  is  considerable  difference  between  the  A.  R.  A-A  and  the 
A.  R.  A-B  90-lb.,  but  by  examining  pp.  13  and  14  it  will  be  found  that 
the  greater  number  of  failures  come  from  Bethlehem,  which  simply 
happens  to  be  in  this  case  A.  R.  A-B  section.  The  failures  of  the  same 
section  of  rails  from  the  Gary  mills  are  much  less  in  number. 

This  last  statement  gives  the  clue  to  the  real  cause  of  failures,  and 
further  studying  into  these  statistics  will  bring  out  this  fact  more  strongly, 
viz. :  that  the  cause  of  failures  is  the  quality  of  the  material,  and  not  the 
design  of  the  rail  section. 

Some  of  the  most  numerous  failures  in  the  case  of  Diagram  4  are 
tabulated  below,  as  for  Diagram  3. 

DIAGRAM  4. 
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The  A.  S.  C.  E.  heavy  head,  stiff  design,  C,  B.  &  Q.  heavy  head,  stiff 
design,  and  P.S.  85-lb.  heavy  head,  low  design,  were  all  about  the  same. 

There  are  no  head  failures  for  the  N.  Y.,  N.  H.  &  H.  100-lb.  of  stiff 
design  and  heavy  head,  nor  of  the  Dudley  100-lb.  of  stiff  design  and  thin 
head.  There  are  very  few  of  the  A.S.C.E.  100-lb.  of  stiff  design  with 
heavy  head,  and  very  few  of  the  D.,  L.  &  W.  90-lb.  with  heavy  head. 

The  broken  rails  are  tabulated  below  in  the  same  way. 
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Of  the  Dudley  ioo-lb.  no  failures  at  all  were  reported,  the  material 
being  from  the  Lackawanna  mill. 

DIAGRAM    5 — COMPARISON    OF    FAILURES   FOR   DIFFERENT  LENGTHS   OF  TIME. 

The  information  for  this  diagram  is  tabulated  in  tables  70  to  72. 
As  is  pretty  generally  known,  most  of  the  failures  of  any  lot  of  rail 
occur  during  the  first  four  years. 

FAILURES  WITH  RESPECT  TO  THE  POSITION  IN  THE  INGOT    (TABLES  73  TO   102). 

The  marking  of  the  rails  to  distinguish  the  position  in  the  ingot  has 
become  very  general,  as  the  increased  number  of  the  reports  show,  but,  of 
course,  the  position  of  most  of  them  is  still  unknown. 

In  general,  the  failures  of  "A"  rails  are  the  most  numerous,  but  it 
is  noteworthy  that  there  are  many  failures  down  to  "D"  and  "E,"  and 
occasional  ones  in  "F."  In  some  cases  they  are  very  numerous  in  the 
"D"  rails. 

REPORT  OF  COMPARATIVE  WEAR  OF  SPECIAL  RAIL    (TABLES    IO4  TO    IIO).      FERRO- 
TITANIUM   ALLOY   ON    B.    &    O. 

Some  special  rail  containing  the  following  composition : 

Carbon    701 

Phosphorus     086 

Manganese    92 

Silicon     079 

Sulphur    048 

Nickel    004 

Titanium   1  to   Vz 

was  tried  in  comparison  with  ordinary  Bessemer  rail  of  the  Maryland 
Steel  Company  on  Kessler's  Curve  for  twelve  months  and  so  far  shows 
from  one-fourth  to  one-third  less  wear  than  the  Bessemer. 

CHROME  STEEL   ON  B.    &  O. 

Some  special  rail  with  the  following  composition : 

Carbon    472 

Phosphorus    024 

Manganese     79 

Sulphur    062 

Chromium    21 

was  tried  in  comparison  with  ordinary  Bessemer  rail  of  the  Cambria 
and  Carnegie  Steel  Companies  on  the  B.  &  O.,  but  the  results  in  each 
case  are  very  closely  alike. 

NICKEL  RAIL  ON  P.  R.  R. 

There  is  nothing  with  which  to  compare  the  life  of  this  rail.  It  was 
evidently  not  badly  worn  when  taken  out. 
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MAYARI  RAIL  ON   P.  R.  R. 

This  seems  to  have  lasted  a  little  longer  than  the  Open-Hearth  rail, 
with  nearly  the  same  Carbon  and  Phosphorus,  with  which  it  was  com- 
pared. It  would  seem  that  the  Phosphorus  is  very  low  for  the  amount  of 
Carbon.     No  Chromium  content  Is  shown. 


MAYARI  RAIL  ON    NORFOLK  &   WESTERN. 

In  the  case  of  the  high  rail,  the  Mayari  steel  seems  to  have  lasted 
better  than  the  Bessemer,  but  in  the  case  of  the  low  rail  it  is  not  quite 
so  good,  though  the  difference  is  not  great. 

MANGANESE   RAIL    ON    NORFOLK   &    WESTERN. 

The  test  has  been  in  progress  for  seven  months,  and  in  that  time  the 
Manganese  rail  is  not  half  as  much  worn  as  the  Bessemer. 

NICKEL   RAIL  ON   P.   L.    W.,   S.    W.    S. 

This  test  has  been  finished.  Half  of  the  curve  was  usually  laid 
with  each  kind  of  steel,  so  that  when  one  kind  was  worn  out  it  was 
necessary  to  remove  the  other  also,  and  for  that  reason  the  Nickel  rail 
in  some  cases  was  not  entirely  worn  out.  The  Nickel  and  Bessemer 
were  closely  of  the  same  composition,  except  that  in  the  Nickel  the  Carbon 
was  somewhat  less  and  it  had  3.44  per  cent,  nickel.  The  average  of  the  va- 
rious lots  shows  that  the  abrasion  of  the  Bessemer  rail  was  20  per  cent, 
greater  than  from  the  Nickel,  indicating  that  much  superiority  for  the 
Nickel.  The  failures  of  the  Nickel  were  45  in  number,  equivalent  to  62  per 
10,000  tons  laid.  Of  the  45  six  were  broken,  19  had  crushed  heads  and  20 
split  heads,  indicating  that  the  Nickel  does  not  furnish  a  sounder  ingot 
than  Bessemer  steel. 

THOUGHTS    RESULTING     FROM     THE    STUDY. 

(1)  The  study  of  these  general  statistics  does  not  furnish  accurate 
and  specific  information  so  as  to  determine'  the  value  of  different  sections 
of  rail  because : 

(a)  The  conditions  of  traffic  are  different. 

(b)  The  conditions  of  roadbed  are  different. 

(c)  The  conditions  of  ingot  making  and  rolling  practice  are 
so  different  that  the  quality  of  the  material  varies  widely,  and  this 
difference  in  the  quality  of  material  eliminates  differences  in  section. 

(2)  The  study  of  these  general  statistics  tends  to  disclose  unusual 
results. 

(3)  The  general  statistics  are  also  important  in  showing  the  rela- 
tion between  broken  rails  and  failure  of  head,  web  and  base. 

(4)  The  tabulation  of  the  statistics  discloses  the  differences  be- 
tween steel  companies  when  the  sections  and  chemical  composition  are 
practically  the  same. 
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STATEMENT  OF  RAIL.  REPORTS  RECEIVED  FOR  THE  SIX  MONTHS' 
PERIOD  ENDING  OCTOBER  31,  1909.  COMPLETE  AND  PARTLY  COM- 
PLETE REPORTS  USED  IN  SUMMARY  BY  SECTIONS,  WEIGHTS 
AND  KINDS  OF  STEEL;  ALSO  USED  IN  ALL  DIAGRAMS,  EXCEPT 
AS   STATED. 


Company 

1  Atchison,  Topeka  &  Santa  Fe 

2  Atlantic  Coast  Line 

3  Baltimore,  Chesapeake  &  Atlantic 

4  Baltimore  &  Ohio 

5  Baltimore  &  Ohio  S.  W 

6  Bangor  &  Aroostook  R.  R 

7  Boston  &  Albany 

8  Boston  &  Maine 

9  Buffalo,  Rochester  &  Pittsburgh. 

10  Central  New  England 

11  Central  R.  R.  of  New  Jersey 

12  Chesapeake  &  Ohio 

13  Chicago,  Burlington  &  Quincy 

14  Chicago  &  Eastern  Illinois 

15  Chicago  &  North-VVestern 

16  Cleveland,  Cincinnati,  C.  &  St.  L. 

17  Cumberland  Valley 

18  Delaware,  Lackawanna  &  Western 

19  Evansville  &  Terre  Haute 

20  Fort  Worth  &  Denver  City 

21  Gal.,  Harrisburg  &  San  Antonio .  . 

22  Grand  Rapids  <fc  Indiana 

23  Grand  Trunk 

24  Great  Northern 

25  Hocking  Valley 

26  Houston  &  Texas  Central 

27  Illinois  Central 

28  Lake  Shore  &  Michigan  Southern. 

29  Lehigh  &  Hudson  River 

30  Louisiana  Western 

31  Louisville  &  Nashville 

32  Maine  Central 

33  Michigan  Central 

34  Morgan's  Louisiana  &  Texas 

35  Munising  Ry 

36  Nashville,  Chattanooga  &  St.  L.. 

37  New  York  Cent.  &  Hudson  River 

38  New  York,  New  Haven  &  Hart- 

ford  

39  Norfolk  &  Western  

40  Northern  Pacific 

41  Oregon  R.  R.  &  Navigation  Co  . . 

42  Oregon  Short  Line 

43  Pennsylvania  R.  R.  Lines  East. .. 

44  Pennsylvania  Lines  West 

45  Philadelphia  &  Reading 

46  Pittsburgh  &  Lake  Erie 

47  Rock  Island  Lines 

48  St.  Joseph  &  Grand  Island 

49  St.  Louis  &  San  Francisco 

50  Somerset  Railway 

51  Southern  Pacific 

52  Southern  Ry 

53  Temiskaming  &  Northern  Ontario 

54  Texas  &  New  Orleans 

55  Toledo  &  Ohio  Central 

56  Toledo,  St.  Louis  &  Western. . . 

57  Union  Pacific 

58  Vandalia 


Used 


Remarks 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Part 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Part 
Yes 

Part 
Yes 
Yes 
Yes 
Yes 

Part 
Yes 
Yes 

Part 
Yes 
Yes 
Yes 
Yes 
Part 
Yes 
Yes 
Yes 
Part 
Yes 
Yes 
Yes 


Except  one  report  on  form  2004-A,  tons  laid  not  given. 


Except  report  of  O.S.Sec.  80-lb.  rail,  tons  laid  not  given. 
The  parts  giving  tons  laid,  remainder  in  summary  only. 

Harriman  Lines. 


Harriman  Lines. 


Harriman  Lines. 


Harriman  Lines. 

And  Lake  Superior  &  Ishpeming;  Marquette  <fe  South 

Eastern  Ry. 
The  parts  giving  tons  laid,  remainder  in  summary  only . 


The  parts  giving  tons  laid,  remainder  in  summary  "only. 

The  parts  giving  tons  laid,  remainder  in  summary  only. 

Harriman  Lines. 

Harriman  Lines. 

The  parts  giving  tons  laid,  remainder  in  summary  only. 


The  parts  giving  tons  laid,  remainder  in  summary  only. 
Harriman  Lines. 

The  parts  giving  tons  laid,  remainder  in  summary  only. 


Harriman  Lines. 

The  parts  giving  tons  laid,  remainder  in  summary  only. 


Total,  58  companies. 
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STATEMENT  OF  RAIL  FAILURE  REPORTS  RECEIVED  FOR  THE  SIX  MONTHS 

PERIOD  ENDING  OCTOBER  31,  1909. 

Used  in  Summary  by  Sections,  Weights  and  Kinds  of  Steel  Only. 


Company 

Used 

Remarks 

Yes 
Yes 
Yes 
Yes 
Yes 

Rutland  R.  R 

Cincinnati,  New  Orleans  &  Texas  Pac 

Does  not  give  tons  laid  or  rail  sections. 

Total,  five  companies. 
Grand  total  reports  used,  63. 


RAIL  FAILURE  REPORTS  RECEIVED  FOR  THE  SIX  MONTHS*  PERIOD  ENDING 

OCTOBER  31,  1909. 


Compa  y 

Alabama  &  Vicksburg 

Colorado  Midland 

El  Paso  &  South  Western  

Georgia  Railway 

Long  Island 

Louisiana  &  Arkansas 

New  Orleans  &  North  Eastern 

Vicksburg,  Shreveport  &  Pacific  Ry 


Not  Used 


Remarks 


Not  used 
Not  used 

Not  used 
Not  used 
Not  used 
Not  used 
Not  used 
Not  used 


Does  not  give  report  on  proper  form. 

No  data.    Arrangements  made  to  furnish  them 

hereafter. 
Gives  record  for  one  year  instead  of  six  months. 
Failures  not  classified. 
Form  2004- A  not  given. 
Does  not  give  years  or  tons  laid. 
Form  2004-A  not  given. 
Form  2004-A  not  given. 


Total,  eight  companies. 

Grand  total  companies  reporting.  71. 


DIAGRAM  i. 

CLASSIFIED  RAIL  FAILURES  — COMPARISON  BE- 
TWEEN DIFFERENT  WEIGHTS  OF  RAIL,  BESSE- 
MER STEEL,  PERIOD  OF  SIX  MONTHS  FROM 
APRIL  30  TO  OCTOBER  31,  1909. 
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RAIL  FAILURE  STATISTICS. 
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RAIL  FAILURE  STATISTICS. 
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RAIL  FAILURE  STATISTICS. 
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AMERICAN     RAILWAY    ASSOCIATION. 
Standard    A. R.  A.  Rail  Section.  Type  A. 


Ares  of  Heed-364  sq.  m»36.9  %  Ratio  Periphery  oF  Head  to  Area  oP  Head  •  I  80 

•  •    Web- 229      •    -  234  •  •             •               Web          •           Web -321 

•  ■    Base -3.3 1       •   -  39.7  •  -             •               Base         •           Base -3.29 

Total  =9.84      •    -100      •  •    Total  Periphery  to  Total  Area          '898 

Moment  of  Inertia  -  48.34 

Section  Modulus,  Head  -  15.04 

Base  -  17  78 
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RAIL  FAILURE  STATISTICS. 


AMERICAN    RAILWAY    ASSOCIATION. 
Standard    A.R.  A.  Rail  Section.  Type  B. 


Area  oF  Head- 3.95  sq.in.-40.2  %  Ratio  Periphery  of  Head  to  Area  oF  Head -1.64 

•  •    Web  «l.B9      ■     '19.2  •  •            •              Web         -          Web»3.S0 

•  •    Base- 401       •    -40.6  -  •                          Base         -          Base-E.49 
Total  -  9.85      •    -100  -    Total  Per ipherv  to  Total  Area          -?37 

Moment  oF  Inertia  -41  3 

Section  Modulus,  Head  -13  70 
Base  •  15  74 


RAIL  FAILURE  STATISTICS. 
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AMERICAN  SOCIETY  OF   CIVIL  ENGINEERS. 
Standard  A.S.C.E  Rail  Section. 


si-- 


-g    100  lb. 


z\ r 


I  _f.   I NsylTJiLAsjft. 

M T  H 


_L 


Area  of  Heed-4  I  3  sq.in.-4 2  %  Ratio  Periphery  oF  Head  to  Area  of  nead-l 656 

»      »    Web-206  «     *2I  •  •              Web          •          Web-3433 

«      ••    Base- 3.63  -     -37  -  -            •              Base         •          Bese-3057 

•      •   Total  -  9  82  «    -100  -  -     Total  Penpherv  to  Total  Area        -  Z5A3 

Moment  of  Inertia  •  4380 

Section  Modulus,  Head  »  14.44 
Base -I6H 
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RAIL  FAILURE  STATISTICS. 


New  York  Central  lines 

Dudley  Rail  Section 

3" * 


Area  of  Head*  4.16  sq.ia-  41.5%.  Ratio  Periphery  of  Head  to  Area  of  Head=  \-89 

••      »    Web  =   2.31      ••     =23.1".       »  ■  ••    Web Web -4.73 

••    Base  =  355     "     ■  35.4".  «            ••           ••    Base  "      "       "  Base=  3.^5 

»  Total  =  10.02      «    =100.0-.  »   Total  Periphery  to  Total  Area               =2.42 

Moment  of  Inertia  =  49.0 

Section   Modulus,  Head  =  15.69 

»  Base  =17.00 


RAIL  FAILURE  STATISTICS. 
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PENNSYLVANIA    RAILROAD     SYSTEM. 

Standard    P.  S.  Rail   Section. 


Area   of  Head-  4.09  sq.in  -  41.0%  Ratio  Periphery  oF  Head  to  Area  of  Head=  1.59 

"    Web-    1.85     "     =   18.6"        ■■  "  '■    Web Web=3.58 

"    Base-   4.03     '•     =    40.4-         ••  ■'  ••   BBae Base- P.43 

••         Total   =   3.97     "     =100.0"  ■■    Total  Periphery  to  Total  Area           =230 

Moment  oF  Inertia  =   41.9 

Section  Modulus,  Head  -  13.71 

Base=  15.91 
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RAIL  FAILURE  STATISTICS. 


PENNSYLVANIA    RAILROAD. 

Former    Standard  P.R.R.  Rail   Section. 


Area  or  Head-4.512   sq  in..  45.7%.   Ratio  Periphery  oF  Head  to  Area  of  Head '1.52 

-  '•    Web=  1.986     •■     =  80.11 "    Web Web=3.l7 

-  •    Base* 3.378      -     *  34.?  -  "    Base  ■       "      •    Base=3.04 
"       "  Total  =  9.576      "     HOO.O  "          "   Total  Periphery  to  Total  Area  »  2.37 


Moment  of  Inertia,        =  37.956 

Section  Modulus,  Head,  =  13.35 

Baee,  =  14.29 


RAIL  FAILURE  STATISTICS. 
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N.  V.    N.    H.    &     H.    R.    R. 

STANDARD    RAIL     5ECTI0N. 


Area  of  Head  » -404  sa.m  =  -4 1  7&  \  Ratio  Periphery  of  Head  to  Area  of  Head  1.93 
«       "  Web  -  Z.33     «     =  Z4  -  '       -  »  '   Web Web4.Z9 


Base     3.40     ■•    -  35 
Total  „  9.77     »  =  100 


Web 

»  Base  •  -  Base  343 

Total  Periphery  to  Total  Area       253 


Moment  of  Inertia         =    -47.  I  8 

Section  Modulus,  Head    ■  *  )  5. 1  0 

"  "        Base  =■  j  1 6.41 
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'         RAIL  FAILURE  STATISTICS. 


-Prt/LADELRH/A     &   REAO//VG     Ra 7L. WAY- 
ZOO  Lb.   Ra/i-   Sec  t/ on 
Sca/e  -  Fo//  Size 


7 


& 


Neatra/  A*  /s 


Area  of Heocf         3<?4 sy./r?        40.04percenf 


•    lA/eti 
fdase 


/89 
40/ 


/<7.2/ 
40.7S 


To fa/  <?S4     •     -         /OO.OO 

Moment  of  /nerf/a         -  4/.  4$ 
*Secf/o/7  Moc/o/os,  /-/eca*=/3  6/ 
■  «        ,/3ase=/6.06 


RAIL  FAILURE  STATISTICS. 
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BOSTON  &ALBANY  R.R. 

N.YC  &  KRRRCo.  LESSEE. 

Standard  95  lr  Rail.  Section. 


Area  of  Head=  194sq.ia=  AZ.\%.  Ratio  Periphery  of  Head  to  Area  of  Head=2.03 

••      ••    Web  =  1.80    ••    =    19.3- .     ••  •■  ••    Web Web  =435 

••    Base=  3.61     ■•    =   38.6-       ••  ••  ••    Base  -      -  Base=3.24 

'•       "  Total  =  9.S5   -    =  IOO.O-.     »   Total  Periphery  to  Total  Area  r  =247 

Moment  of  Inertia  =    3 1. 3© 

Section  Modulus,  Head=     I  I. ©5 

Base=    13.40 


isa 


RAIL  FAILURE  STATISTICS. 


LACKAWANNA      RAILROAD . 
Standard  QL&W.  Rail  Section 


Area  of  Head-  3.70  sqin-  A I  5%.  Ratio  Ffenpnei-L|  of  Head  in  Area  of  Head- 1 63 

•    Web  -  1.93  "*- 21.7-         "  *  "    Web    »       •      "  Web  -327 

••       •    Ba»e-3Z8*"    --366.  »  "   Base-       "       -  Base -309 

-  Total -& 9 1    -    "-100.0%        "   Total  Periphery  in  Total  Area  -252 

Moment  of  Inertia  -  3l  65 

Section  Modulus,  Head-  11.32 

Bose-  1290 


RAIL  FAILURE  STATISTICS. 
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AMERICAN     RAILWAY     ASSOCIATION. 
Standard    A.R.A.  Rail  Section.  Type  A. 


71 
.1   i 

£18   i 


+   ln  4-  to  I  "-s^        : 


e9" 1 


1-d    90  1b. 

(0 


T 


'/.S+Ol' 


Area  qP  Head- 3.20  sq  in-36.2  %  Ratio  Periphery  of  head  to  Area  oP  Head-  1.90 

-      ••    Web- 2 12      •    -24.0  •  .            •             Web         .          Web- 3.30 

•      ■•    Base -3.50      ■    -39.8  -  ■             •              Base         •          Base-2.63 

Total  -8.82      ■    =100      ■  ■     Total  Periphery  to  Total  Area           -E.5E 

Moment  oP  Inertia  =38.7 

Section  Modulus,  Mead  -  12  56 
Base  «  15.23 
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RAIL  FAILURE  STATISTICS. 


AMERICAN    RAILWAY    ASSOCIATION. 
Standard   A. R. A. Rail  Section.  Type  B. 


9" 


-2^  1 

—  *£ -I. 


'pi  90  lb. 

Ice 


T 


i 
i 

«n 

I 
I 


L. 


Area  oP  Head -3.56   sq  in.-40. 1   %  Ratio  Periphery  of  Head  to  Area  of  Head  -  I  G8 

•      •    Web- 1  70       •    -  19  P   •  Web          •           Web -3.65 

•    Base -3.6 1        ■    -  40  7   •  Base          •           Base-B.58 

Total  =8.87      -   - 100       •  ■    Total  Periphery  to  Total  Area           -2.42 

Moment  oP  Inertia  -  32.3 

Section  Modulus,  Head  -  1 1  45 
Base  =  13.21 


RAIL  FAILURE  STATISTICS. 
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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 
Standard  A.S.C.E  Rail  Section. 


Area  of  Mead-  3.68  sq  in-42  %  Ratio  Periphery  oP  Head  to  Area  oF  Head=  1.73 

"      ■■    Web-  1.85      ■•    =  21  ••  ••             •               Web          ■           Web  =  3.5l 

"       •    Base-- 3.30      ■ '    •  37  «  -              •                Base           "           Base*  3.10 

-  Total  ■-  8.83      •    -100  -  -     Total ■•  Periphery  to  Total  Area       =      2.83 

Moment  of  Inertia  =   30-46 

Section  Modulus.  Head  •  10.59 

Base  •  12.18 


1M 


RAIL  FAILURE  STATISTICS. 


The  A.  T<#S.F/?y.  Sys/em. 
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*  web    2/0  *   *  =  2+.**'     f     -a  web         "      3-M 

*  base  j.  49  «  '<=3f.69*    "      "  base       "      2  do 

*  Total  6.7 S  '    ♦  -/OOOOh    »  Tcto/ fyrififoryhTi/fi/aee*  2.60 


A/omen*  of '//> >*///*       *  3Z60 

$*M»  ftfadrfrs,  tfead '*  //.  37 

»  *  &ase  e  /+.  57 


50021. 


RAIL  FAILURE  STATISTICS. 


157 


N.    Y    N.    H.  &c    H.    R.     R. 

STANDARD   RAIL  SECTION 
RE-ROLLE.D  FROM  IOOL6.  RAIL.. 


Areaof  Head- 3.2Zsa..in.«36%  Ratio  Periphery  of  Head  to  Areaof  Head    Z.)7 

•  •  Web    •  2.22   •    •  •  26  »  »            •          .  Web    ■       "     •  Web   4.4B 

•  •   Base- 3- 10    •    ••3©  «  »            «          ,.  Base  •       «     "Base  360 
»       «Total  .6  54    •    «»IOO  ■  -  Total  Periphery  to  Total  Area        Z.75 

Moment  of  Inertia  36.8  I 

Section  Modulus,  Head     12.67 

•  "  Base     14.44 
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RAIL  FAILURE  STATISTICS. 


UNION  PACIFIC  SYSTEM, SOUTHERN  PACIFIC  CO. 
Common  Standard  90  lb.  Rail  Section. 


5V£- 


*r*a  of  Head  -   3.55  sq.m.  •  40.34 $>  Ratio  Periphery  ot  Mead  to  Area  of  Head  •  1.33 

.       .     Web  =  2.23   .    .  .25.34.  «          ..          ..    Web    ..       .      .    Web  «  3.23 

.  Base  -  3.02  .     .  •  34.38.  .             -             Base   ...    Base  =  3.40 

.      .   Total"  8.80  .    .  .100.00.  .     Total  Periphery    .  Total  Rreo.     =2.18 

Moment  of  Inertia  =  41.90 

Section  Modulus, Head.  13.83 

■  •         Base  =15.40 


RAIL  FAILURE  STATISTICS. 
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GREAT    NORTHERN     RAILWAY. 


Standard    G.  N.  Ry.   Rail    Section. 


Area   of  Wead=3.25  sq.mv36.27  %     Ratio  Periphery  oF  Head  to  Area  of  Head  =  1.75 

"       "    Web  -8.1 1  ••     »23.55«        ■■'            ••            »    Web    -      >       •    Web  =329 

"        •    Base  -3  60        •     .40.18 Base  •      •        •    Base  =  2.64 

"    Total  =8.96  •     -100.00 »         •    Total  Periphery  to  Total  Area               =  ?47 


Moment  oF  Inertia  -     30.55 

Section  Modulus.    Head     =      10.57 

Base     -     12.30 


1«0 


RAIL  FAILURE  STATISTICS. 


CHICAGO,  BURLINGTON  &    QUINCY   RAILROAD. 
Standard    C.B.&  Q.R.R.  Rail  Section. 


TT 

!  I 


I elf —  H 

•4--^. 


sjf  ll  85  lb. 


___(_ '2!.__>fcJ 


col* 


_j I      Neutral  Axis. 

I 


^       *? 


4-!--- 


I    I 

-L-L- 


Area  of  Head-349   sq.  in-42     %  Ratio  Periphery  of  Head  to  Area  of  Head 

••    Web ■  1. 74       •'   *2I  |  "  -             ■               Web          ■           Web- 

"      ••    Base-3  07  4-     -37  |  ••  ■             «               Base          -           Base 

■■   Total  •  8.30.5  »    -100  '    •  ■     Total  Periphery  to  Total  Area 

Moment  of  Inertia  •  30.00 

Section  Modulus,  Head  •  10.93 

Base  ■ IE23 


-1774 

3B77 
3.?57 
2600 


RAIL  FAILURE  STATISTICS. 
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PENNSYLVANIA    RAILROAD. 
Former    Standard   RR.R.  Rail   Section. 


Area  oF  Head-3.823   sq.in.-  4G.I  %  Ratio  Periphery  oF  Head  to  Area  oFHead=l.63 

■    WeD  =1.575      •■      --  1 3.0  ■•  ■             "             -    Web     •       "       "    Web  =  3.59 

••      •■    Base  =  2.894      ••      =349"  •                            ■    Base    •                ■    Base  =  3.25 

-      *   Total=8.29E      ■     =100.0-  "     Total  Periphery  to  Total  Area         =2.57 

Moment  oF  Inertia  =  27.423 

Section  Modulus,  Head    =  10.70 
Base    =11.25 
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RAIL  FAILURE  STATISTICS. 


PENNSYLVANIA    RAILROAD     SYSTEM. 
Standard  P.S.  Rail  Section. 


Area  oF  Head  =  3.57  sq.in.»  42.27 

••      ••    Web=    1.51  ••    =  17.8 « 

••       -    Base  =  3.39  ■•     =  40.0  ' 

••  Total  =   8.47  "    =  100.0 


-*■# 


Ratio  Periphery  of  Head  to  Area  of  Head=  1.73 

Web Web  =3.81 

•  >  »  ••    Base Ba8e=2.69 

"    Total  Periphery  to  Total  Area.  =2.48 


Moment  of  Inertia  =  29.1 

Section   Modulus,  Head=  10.77 
Base  =12.02 


RAIL  FAILURE  STATISTICS. 
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C.    R.    R.    <S.    OF    N.    J. 

85  LB.  DUDLEY  RAIL  SECTION. 


AREA    OF  HEAD    =  3.  74  SO.  IK.   =     4  5.1% 

.  WEB     =   1.  73  .  .     =     20.  9  " 

..  BASE    -  2.  62  .  .=340   ■■ 

.  TOTAL  =  8    29  „  m    s    I0O.  0  " 


RATIO    PERIPHERY    OF    HEAD    TO    AREA    OF    HEAD'  2.01 

-                                                 WEB         „       ,                         WEB    =  5.  35 

BASE       .       .                ..     BASE    =  3.  72 

_       TOTAL    PERIPHERY    TO    TOTAL    AREA                      =  2.  67 


MOMENT    OF    INERTIA  =   30.  4 

SECTION    MODULUS,    HEAD    =      II.  46 
BASE    -     11  76 
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RAIL  FAILURE  STATISTICS. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 
Standard  A.S.C.E.  Rail  Section. 


?*' 4 


Area  of  Head  -3.50  sq.in  =  42  %  Ratio  Periphery  oP  Head  la  Area  of  Head =1.780 

-      "    Web  =1.75  »     =  t\  •  -           -            ■•    Web   •       ■       •   Web =3.645 

••      "    Base  =  309  ■•    =•  37  -  ■            ■    Base  •      ■      •    Base  =  3.24 1 

"      "Total  =  8.34  »    =100  -    Total  Periphery  to  Total  Area  -2.714 

Moment  oP  Inertia  -30.00 

Section  Modulus,  Head  -11.16 

Base  -  12 .00 


RAIL  FAILURE  STATISTICS. 
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V 2  2 « 


TT 

1  n|SJ 


*U       85,b'     P 


^    V  A.^.  A.;  x 


/frta  of  head  3,Cfs9./*  *  37.0/  '^  /fofoPerifihcrvafhead'hartaofhuil'l.bO 
n      neb     f,a0   »    <=22.1S*      *  *  Vlb  "       W 

*  base  3.3b  »    1-40.2+1     »        ''  base        "      Z.80 

*  Tohl  8.3S  -   >*/CC0O.     '1T0+0/ Per/fiheryto  Tata/ana  2. bo 


Moment  of /fif^/a      *   32.0  o 
»  «  Base  *  J 3.  06 


5002! 
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RAIL  FAILURE  STATISTICS. 


CANADIAN         PACIFIC         RY. 
Standard  C.P.R.  Rail  Section. 


Area  of  H^-MBBa^OTIk.  **>  Periphery  of  H£  to  Area  of  M-I4K 
..      -   Web  -1-653    •    •»»■■     '  .          „   S L Bbbb-MTS 


Base  =3-422 
Total  =8-343 


=4102 
=10000 


Base  ,.     •       ••  Base*  2-673 
Total  Periphery  to  Total  Area.  =2-586 


Moment  of  Inertia  ■»  P9.492 

Section  Modulus,  Head=IO-425 

Base  =  12.640 


RAIL  FAILURE  STATISTICS. 
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GREAT    NORTHERN     RAILWAY. 

Standard    G.  N.Ry.  Rail    Section. 


Area   of  Head=3.47  sq.in-41.7  %    Ratio  Periphery  of  Head  to  Area  oP  Head-- 1. 74 
■       -    Web -1. 86     •     -22.3 Web   -      -       ■    Web-3.19 

•  Base=3.00     •     '360    •  ■  ■    Base   ■-      "       -   Base-313 

•  Total -8.33     •      *  100.0  »         •    Total  Periphery  to  Total  Area  --2.57 

Moment  oF  Inertia  =     26.65 

Section  Modulus.   Head     -     10.14 

Base     =     11.24 
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RAIL  FAILURE  STATISTICS. 


AMERICAN     RAILWAY     ASSOCIATION. 
Standard    A.  R.A.  Rail  Seciion.  Type  A. 


Area  oP  head  3.05  sq.  in=38.8  %    Ratio  Periphery  oP  Head  to  Area  oP  Head-  1.93 

"       -     Web- 1.65      .       21.0    •         •              -                Web           »  Web  =  3.57 

"      ■■    Base  =  3. 1 6       >       40.2   "        •             »              Base         >  Base  •  2.52 

"      "Total  =7.86      -    -100       -        >     Total  Periphery  to  Total  Area.  -2  50 

Moment  oP  Inertia  =  288 

Section  Modulus,  Head  =  10.24 
Base  =  I2.4G 


RAIL  FAILURE  STATISTICS. 
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AMERICAN     RAILWAY     ASSOCIATION. 
Standard   A.R.A.  Rail  Section.  Type  B. 


Area  oP  Head-3.07  sq  m-38.8  7o  Ratio  Periphery  of  Head  to  Area  of  Head  =  1.79 

-     Web -154      ■     =19.5    •  ■             ••    .           Web          -           Web  =3  57 

■      ■    Base- 3.30       •     -4-1.7   •  ■             ■               Base          -           Base-272 

Total  -7  91        •    =100  Total  Periphery  to  Total  Area           =2  53 

Moment  of  Inertia  -  25  I 

Section  Modulus,  Head  =    9.38 
Base  -  1 1 .08 
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RAIL  FAILURE  STATISTICS. 


AMERICAN  SOCIETY   OF  CIVIL  ENSINEERS. 
Standard  A.S.QE.Rail  Section. 


Area  dP  Head-3.31   sq.in=42  %  Ratio  Periphery  oP  Head  to  Area  of  Head-  1.87 

"      "    Web -1.66      •     -21  •  •               Web          ■           Web -3.73 

"      "    Base -2.92     ■     =37  •  «             "               Base         •          Base -3.32 

•      "  Total  =7.89      ■     =100  ■  •     Total  Periphery  to  Total  Area           -2.78 

Moment  oF  Inertia  =  27.25 

Section  Modulus,  Head  =  10.30 

Base  =  11.97 


RAIL  FAILURE  STATISTICS. 
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New  York  Central  Lines 

Dudley  Rail  Section 


■piT 


Area    of  Head  =  3.44  sq.in  =  43.1%.    Ratio  Periphery  of  Head  to  Area   of  Head=  2.05 

••       "    Web-    1.64     -     ■  20.6- Web   "      -       "    Web  =  5.18 

"    Base*   ?.90     -     ■  36.3".       "  "  "    Base  -    '■        ••   Base=  3.59 

•'    Tertal  =   7.98      -     «IOO.O Total  Periphery  to  Total  Area  =   2.60 

Moment  of  Inertia  =28.5 

Section   Modulus    Head  =  10.70 

Base*  11.53 
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RAIL  FAILURE  STATISTICS. 


EZFUE1   P\A!L_ROAl3>    Co. 
Standard  EBE-(old)  Rail  5acifor7 


InlOJj. 


& 


Area  of  lead- 3A6=43.9#^ioPanpba-^of  HaodloAraa  of  Haad,l.65 
tfeb   ,  1 .50-- 19.^  Web  Wab.4.00 

baa**  £.9£.-37tf  Base  Das*.  322 

"To+ol  7.66-- \  00/        "fctal  faripKtaj  lo  Total  /Wa  =        Z.  .  7  7 

Mordent"  of  Inertia.  2.7.40 
SacHoi-7  riodulus  .  tJGad  '  1?^| 

DQ5CZ  -      I    I    .J/ 
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HOCKING 

VALLEY   RAILWAY 

Standard    540 

CAMBRIA  Rail  Section. 

r- 
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Area    of  Head  =  3.7  1    sq  in.  -  4-7.4- 

Ratio  Periphery   of  Head  to  Area  of  Head 

=  1.70 

Web   -  1.2 B           -  I6.E 

Web                           Web 

=  4.4  9 

Base  -  2B5           =  36.4- 

Base                         Base 

=  3  29 

Total  -  7.B4           =IQ0.D 

Total  Periphery  to  Total  Area 

=  2  72 

Moment  of  1 

nertia                 =  26.7 

Section    Modulus     Head'  10.27 

Base-  11.12 
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RAIL  FAILURE  STATISTICS. 


eirie:  ra\lroap     Co. 


5\ar?dard     5CPJ*.  R<ail    5ecW 


Area  of  Kcads4.22a53.4X  P^tic-RripbarUjOf  bead  to  Area  of  bead  =  |.66 

Web  el.fca.l5.2jC  -                           Web        .          V/eb-4-.oi 

&ascB£i4d.3i.4i(  •             •          base               base  ,3.83 

Tolal          =7.90joo.a?  .  Total  Peripbar^ib  ttstal  Area    m  270 

Mor^errt*  o-T  Inertia         3  2.2.-33 
5cchon  Modulus j,  Head  =.    3-73 
Dose       9.04- 


RAIL  FAILURE  STATISTICS. 
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GREAT     NORTHERN      RAILWAY. 

Standard    G.N.Ry.    Rail    Section. 


Area   or  Head=  3.E3  sq  in-  40.3  %     Ratio  Periphery  oF  Head  to  Area  oP  Head- 1.74- 

•        •    Web-  177      •     -S2.5    «                     ■            "     Web    -  •       -    Web-3.37 

-    Base-  2.89     •      =366    »                    ■                Base   »  •       -  Base=3.25 

•   Total -7  89     •      =100.0    »        ■    Total  Periphery  to  Total  Area  =2.66 

Moment  op  Inertia  *     25.09 

Section  Modulus    Head     >       9.37 

Base     •     1080 
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RAIL  FAILURE  STATISTICS. 


N.    Y.     N.    H.   fix     H.    R.    R. 
5TANDARD  RAIL  SECTION. 

1 z£ i 

!! z& ii 

-1  !             if  i 

ii           i    -> 

1                                        k+^^-X- 
■4--1-, *--^C- 

1    '                         1 

!  i  - ' 

I        i    H2                   Neutral    Axi* 
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L 

7SN 

H?    '    i 

1            ' 
1    51$    ! 

|       N       1 

*" 

r 

*                 j 

Area  of  Head-  3.7  1  sqin  =  4S%     P 
»      *  Web  .    1.38    »   '«  18*% 
"      »  dasv  2  59    "   "  =  34% 
"      'Total-  7.G>6    "  "  =  KJO% 

Moment  of 
Section  Moc 

JatioRtripheryof  Head  to  Area  of  Head    l.9£ 

»  Web W«b    6.04 

"             "          >  &oa><z.  »      »     «  Base  4.0Z 
"    Total  Rsri pber y  to  "Total  Area        271 

riertia            22.45 
<wlus,  Head      9.27 
"          Base     9.64 

"^"^""^•" 
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C.      R.      R.      <&■      OF      N.      J 

76  LB.  C.  R.  R.  OF  N.  J.  RAIL  SECTION. 


AREA    Or    HE»D=    3.73  SO 
WEB     -   I.  30 

„                   BASE  =    2.  43  „• 

„     TOTAL-   7.  4«  „ 


50   0'.  RATIO    PERIPHERY     OF    MEAD    TO    AREA    OF    HEAD  =  1.93 

17.  4  ••  _                            WEB                                   ...    WEB       =  9    33 

32.  «  ••  BASE                                  ..     BASE  -  4.  01 

100.  0  ••  TOTAL    PERIPHERY    TO    TOTAL    AREA                        =  2.  75 


MOMENT    OF    INERTIA  ?     21.4 

SECTION    MODULUS.    MEAD    =     9.04 
BASE  •      9-oo 
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RAIL  FAILURE  STATISTICS. 


BOSTON  8,  MAINE      RAILROAD     SYSTEM 
Standard  75  I  b.  Rail  Section. 


, -_2£ 


Area  e<  Head-3l36sq  in.  4ZA%  RrftTo  Periphery  of  Head  -to  A  roa   ofHead*2.07 

••      "   Web  .1.605   .1    =21.5"  >■           »          "   Web  "      "        "Web  -.35? 

"   .   ».   Bos*.  2693   «    >  361"  ■■            <>           n    Base  u       "         "Base  rS.71 

«  Tfcfcl  -  7.454   u     =1000"  m  Tots/  Periphory  to  Tcfta  I  Area                 =256 

MomortfoT  Inertia  .2517 

SecfTon  Modulus    Head  -  975 

Base  -10.40 


RAIL  FAILURE  STATISTICS. 
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AMERICAN  SOCIETY    OF    CIVIL    ENGINEERS. 

Standard  A.S.QE.  Rail  Section. 


! tg- 


T 


32 

T 


Area  of  Head -3.1 1     sq  irir«  42   %    Ratio  Periphery  of  Head  to  Area  of  Head -1.86 

••      '    Web -1.55      -     -81     •        ■          -  -    Web   •      •      •    Web-3B7 

-      "    Base -8.74       •     « 37      •        •           ••  -    Base   •      •      «    Base -334 

"   Total   -7.40       •     =100      •          •    Total  Periphery  to  Total  Area           =2.83 

Moment  of  Inertia  •  ZZ.Q4Q 

Section  Modulus  Head  -  937 

Base  •  9.6? 
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RAIL  FAILURE  STATISTICS. 


UNION  PACIFIC  SYSTEM  .SOUTHERN  PACIFIC  CO. 
Common  Standard  75  lb.  Rail  Section. 


Area  of  Head  -  3.05  sq  in  =  41.4  <#  Ratio  Periphery  of  head  tcArea  of  Htod   -   £  Oi 

Web    -   1.74    „    ,.   =23.6    ..  .,  .,  ,,    Web Web    =    3.34 

..    Base  -  257    ..    ..    «  35.0  ..  .  .  .   Base Bose  =  3  77 

.   Total  »  7.36    .    .   «I00.0   .  Total  Periphery    ..  Total  Area.       =    2-94 

Moment  of   Inertia     .   £8.50 

Sec+lon  Modulus,  Head  =   11.05 

Bose  -  11.76 


RAIL  FAILURE  STATISTICS. 
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NORTHERN      PACIFIC      RAILWAY. 

Standard   7?  Lb.  Rail  Section. 


Area   of  Head.  2.94  sqirv.  41.5%.  Ratio  Periphery   of  Head  to  Area  of  Head-  1.89 

••    Web-    I.SS     ■■     =£2.0".       ••  •    Web Web- 3.78 

-    Bases  2.60     ■■     *  3G5  ■  .      •■  ••  ••    Base Base- 345 

••       -Total*  7.10      •■     *  100.0  -.  ••    Total  Periphery  to  Total  Area                =£88 

Momenl  of  Inertia  -21.69 

Section    Modulus.  Head-    8. 68 

Base=   9.64 
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RAIL  FAILURE  STATISTICS. 


CANADIAN      PACIFIC      RAILWAY 

Standard  721b.  Rail  Section. 


Area  of  Head=  3-20sq.in  =  43'9%  Ratio  Periphery  of  Head  to  Area  of  Head  = 

-   Web  =  1 33      ■■    =  18  2^  -            -           ,    Web    -      ■■      -   Web  = 

••  Base  -  276     •    =  379*> Base  ••      -      -  Base= 

•  Total  =  7-eg     •    =100%  ••  Total  Periphery  to  Total  Area. 

Moment  of  Inertia  23-5 

Section  Modulus.  Haad=  907. 
Base  - 1002. 


RAIL  FAILURE  STATISTICS. 
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BOSTON   &  ALBANY  R.R. 

NYC  &  H.R.R.R.  CO.  LeSSEE. 

Standard  72  lb.  Rail.  Section 


Area  of  Head=3.50  sq.in.=  50.1^  Ratio  Periphery  of  Head  to  Area  of  Head=2.02 

••  ••    Web  «  |.|5     ■•    =  16.5-       »  ••  ••    Web  ••     *■      ••  Web  =  66l 

••  ••    Base=  2.33  «    =  33* Base  ••     ••      ••  Base=4.05 

••  ••  Total  =  6.98-   =  100.0      ••  Total  Periphery  to  Total  Area.  =2.75 


Moment  of  Inertia  =    17.18 

5ection  Modulus,  Head=     7.43 
Base  =  _7.S4 


'•hw  B?,fi  e£8f& 
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RAIL  FAILURE  STATISTICS. 


elpue:  railpcau?    Co. 

Standard   N.Y.5.*  W.RRRail  5<zct>on 


Area  of  bead,  3.07sf..*-4"^  Ratio fer'ipbary  of  Wcoci-b  Aran  of  bcod  =  I  .6  6 

Wab.1.4  0     ,19.9/.  Yfa>  W<tb.  4.17 

Das<t.  2L.-54-  *34a^  Bas^-  base.-.  .3.49 

"Ta+al       a  7-  01    » loaojf    •  lofel  Rtripben^to+cAal  Araa  -  2.9 1 

•    Wo\T7<zr7\-  of  Inartia.       =21.00 
Section  Modulus,   Hcad  =     6. 7 -5" 


RAIL  FAILURE  STATISTICS. 
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C.    R-    R.    <§•    of    N.    J. 

70  LB.  C.  R.  R.  OF  N.  J    RAIL  SECTION. 


■OlOD 


* 


-ICO 
(M 


i 


-  *-  U 


AREA    OF    MEAD  =  3.  31  SO.  IN.  =  48   1%.  RAT'O    PERIFMERT    OP    rlEAD    TO    AREA    OF  HEAD  >  2    05 

j      WEB    »  I  40       .  ■    .  20.  *»  .  .                 .      WEB       .      .              ..  wee     =  s   ie 

„       BASE   =  2.   20      .  ._    .  31.  7  »  .  .                             BASE       ,                         ..  BASE    -  *    26 

TOTAL  •  6.  93        -  -   »  100.  0  »  .       TOTAL    PERIPHERY    TO    TOTAL    AREA  i  2.  «• 


MOMENT    OF    INERTIA  .     17.3 

SECTION    MODULUS.    MEAD  7.65 

BASE  •      IIS 
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RAIL  FAILURE  STATISTICS. 


C.    R.    R.   <§.    of    N.   J. 

70  LB.  DUDLEY  RAIL  SECTION. 


AREA    OP    HEAD  •    2.  87     SO. 

„  web    •  t.  ee 

BASE  -  2    43      ,. 
.     TOTAL  •  «.  9« 


41    21.  RATIO    PERIPHERY    OF    MEAD    TO    AREA    OP  MEAO  • 

23.  •"  -                                                     WEB         ..        .                   ,.  WIS       « 

«»"  "                                            •        BASE        ..                            ..  BASE- 

100.0"  _       TOTAL    PERIPHERY    TO    TOTAL    AREA 


MOMENT    Or    INERTIA  ■  21.3 

•CCTION    MODULUS.    MEAO  >    871 

BASE-    •  IS 


RAIL  FAILURE  STATISTICS. 
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ELR1E1  RAILROAP     Co. 
5lor7dard  N.Y.5.AWRR  P^il  Sectior? 


Area  of  bead  nj.^s^ir^a*/  Rdlia  Pa.ritffe.ru,  of  bead  -fo  Area  of  baad :  l.7t 
v«b  =  ».*3   -iej£     •  Wab    •      -      Web.  3d& 

Basa=  £.27  ,,J^       -  -       Base    .       .     .  Dose,  J.67 

latel       s  6.9O.-_\o0.o2     •  Total  Rzripbar^-b -fatal  Arao.,     d.S/ 

l*\o\T7<znY  0"f  Inrerfia.       =  1 3-  0 1 
Sacfior?  Modulus,  Haod  a   ~7.8Q 
Dasc.-a. /a 


Appendix  C. 

DROP  TEST  OF  RAILS 

DEFLECTION,    ELONGATION    AND    COMPRESSION    OF    85-LB. 
A.    S.   C.   E.   OPEN-HEARTH   RAILS   IN   DROP   TEST. 

By  C.   S.  Churchill,  Chief  Engineer,   Norfolk  &  Western  Railway. 

This  report  gives  statements  and  tables  of  drop  tests  and  chemical 
analyses  of  open-hearth  rails  rolled  for  the  Norfolk  &  Western  Rail- 
way, giving  results  for  heights  of  15  ft.,  18  ft.  and  20  ft.,  and  a  com- 
parison of  the  mill  analysis  with  analysis  of  the  borings  from  the  rail. 
They  were  all  85-lb.  rails  of  the  A.  S.  C.  E.  section,  except  some  100-lb. 
A.  R.  A.  section  type  B  made  at  Gary. 

The  tests  were  arranged  for  by  C.  S.  Churchill,  and  made  by  J.  A. 
Colby,  Inspector,  at  the  various  mills,  through  the  aid  of  the  manu- 
facturers ;  and  the  chemical  check  analyses  and  reports  thereon  were  made 
at  the  laboratory  of  the  Norfolk  &  Western  Railway  by  J.  H.  Gibboney, 
Chemist  of  the  Norfolk  &  Western  Railway.  The  tests  were  made  on  a 
few  melts  of  a  regular  rolling.  The  drillings  for  analysis  of  rails  were 
taken  uniformly  from  two  sets  of  positions,  as  noted  on  Fig.  .1,  position 
No.  1  being  the  four  outer  holes  in  cross-section  of  head,  and  position  No. 
2  being  the  inner  hole,  where  maximum  of  segregated  material  is  most 
often  found.  Drillings  from  the  four  outer  holes  were  thoroughly  mixed 
before  analysis  and  are  designated  as  No.   1  in  the  statement. 

One  piece  for  drop  test  was  cut  from  extreme  crop  end  of  an  "A" 
rail  of  each  melt  and  subjected  to  test  in  a  standard  machine  to  a  drop 
of  15  ft.,  and  a  very  short  section  from  this  same  piece  was  sent  to 
Roanoke,  Va.,  for  analysis.  In  same  manner  two  more  pieces  from  other 
"A"  rails   of  same  melt  were  subjected  to  drop  tests  of  18  ft.  and  20  ft. 

The  tup  was  2.C00  lbs.,  the  anvil  20, coo  lbs.,  spring  supported  and 
supports  3  ft.  apart.  The  sets,  also  elongation  of  base  and  contraction  of 
head  under  these  tests,  were  noted  over  six  i-in.  spaces. 

From  the  first  "A"  rail,  as  stated  above,  also  from  a  lower  rail  from 
an  ingot,  taken  at  random  from  same  melt,  very  short  pieces  were  cut 
out  for  chemical  analysis  to  furnish  a  comparison  between  the  mill  analysis 
and  that  of  the  rails,  and  the  position  of  these  chemical  test  pieces  is  noted 
in   the   statements. 
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DROP  TESTS  OF  RAILS. 
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The  rails  tested  were  as  follows: 

Carnegie    Steel    Co Tables     I  to  15,  incl. 

Pennsylvania    Steel    Co Tables  16  to  30,  incl. 

Tenn.  Coal,  Iron  &  R.  R.  Co Tables  31  to  42,  incl. 

Bethlehem   Steel    Co Tables  43  to  57,  incl. 

Maryland   Steel  Co Tables  58  to  64,  incl. 

Illinois   Steel    Co. — Gary  Works.  ..  .Tables  65  to  76,  incl. 


American  Soviet y?f Civil  Eawieer5--85Lb.5ectkvi. 

5howio<3  position  of  test  drilTiQ^s. 


Fig.  1. 
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CARNEGIE  STEEL  CO. 

Open-Hearth  Steel  Rail,  85-LB.  A.  S.  C.  E.,  Rolled  for  the  Norfolk 

&  Western  Railway,  July,  1910,  by  Carnegie  Steel  Company, 

Edgar  Thomson  Rail  Mill,  Braddock,  Pa. 

Blooms   rolled  at  the    Homestead   Plant. 

Average  total  discard  from  blooms  at  Homestead,   15  per  cent. 
All  blooms  were   chipped  for   surface  defects  before   leaving  Home- 
stead. 

Each  bloom  gl/2  in.  square  as  rolled  at  Homestead  was  hot  stamped 
on  top,  in  addition  to  which  figures  or  letters  were  painted  on  same  end 
to  denote  heat  number  and  position  in  ingot  to  aid  both  the  Homestead 
mill  and  the  Edgar  Thomson  mill  in  keeping  each  melt  separate  when  load- 
ing and  unloading. 

Blooms  from  any  one  heat  were  further  shipped  in  separate  cars 
and  kept   in  separate  piles   after  arrival  at  Edgar   Thomson  mill. 

When  rolling  at  Edgar  Thomson  was  about  to  start,  blooms  were 
placed  in  the  soaking  pit  with  the  stamped  or  top  end  up,  and  upon 
removal  from  soaking  pit  the  top  end  was  placed  first  on  the  roller  table 
— all  according  to  usual  practice. 

The  average  discard  in  rolling  these  blooms  into  rails  at  Edgar 
Thomson  was  about  6j/>  per  cent,  additional  to  the  above  15  per  cent., 
making  a  total  of  about  2i]/2  per  cent. 

CARNEGIE — EDGAR    THOMSON     WORKS. 

85-lb.  A.   S.   C.   E.   Section  Rail— O.   H.   Steel.       ■ 
July,    1910. 

ANALYSIS. 
Table  1— Melt,  35218. 

Position                 Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill   report 60                 .076  .038  .024  .63 

A  rail— 1 53                 .030  .017  .65    ■ 

2 60                  .084  .031  .021  .66 

D  rail— 1 62                  .033  .027  .65 

2 63                  .080  .030  .024  .65 

DROP  TEST. 

15  ft.  Drop.       IS  ft.  Drop.       20  ft.  Drop. 

Permanent  set,  head 1.50  in.  1.85  in.  2.10  in. 

Permanent  set,   base 1.40  in.  1.70  in.  1.94  in. 

Elongation  on  Base. 

Drop.  1st  in.  2d  in.  3d  in.  4th  in.  5th  in.  6th  in.  Total  in  6  in. 

15  ft  1.03  in.  1.05  in.  1.05  in.  1.05  in.  1.05  in.  1.04  in.  6.27  in.  equals  .27  in. 

18  ft.  1.04  in.  1.05  in.  1.07  in.  1.06  in.  1.06  in.  1.05  in.  6.33  in.  equals  .33  in. 

20  ft.  1.05  in.  1.07  in.  1.08  in.  1.08  in.  1.07  in.  1.05  in.  6.40  in.  equals  .40  in. 

Contraction  on  Head. 

15  ft.  .95  in.  .93  in.  .96  in.  .92  in.  .96  in.  97  in.  5.69  in.  equals  .31  in. 
18  ft.  .96  in.  .94  in.  .93  in.  .92  in.  .94  in.  .96  in.  5.65  in.  equals  .35  in. 
20  ft.        .95  in.       .93  in.       .92  in.       .92  in.       .93  in.       .97  in.     5.62  in.  equals  .38  in. 
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85-lb.    A.   S.    C.    E.   Section   Rail— O.   H.    Steel. 

July,  1910. 

ANALYSIS. 
Table   2— .Melt,   32244. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 63                 .116                 .024                 .025  70 

A   rail— 1 61                 .033                 .032  .70 

2 60                  .110                  .031                  .030  .72 

D  rail— 1 63                 .027                 .026  .70 

2 64                  .100                  .030                  .031  .70 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent    set,    head 1.45  in.  1.65  In.  1.75  in 

Permanent    set,    base 1.33  in.  1.53  in.  1.63  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.      1.04  in.     1.05  in.     1.06  in.     1.05  in.  1.04  in.     1.03  in.  6.27  in.  equals  .27  in. 

18  ft.      1.04  in.     1.05  in.     1.06  in.     1.06  in.  1.05  in.     1.00  in.  6.26  in.  equals  .26  in. 

20  ft.     1.04  in.     1.07  in.     1.06  in.     1.07  in.  1.06  in.     1.04  in.  6.34  in.  equals  .34  in. 

Contraction    on   Head. 

15  ft.  .96  in.  .95  in.  .95  in.  .95  in.  .95  in.  .97  in.  5.73  in.  equals  .27  in. 
18  ft.  .97  in.  .94  in.  .94  in.  .93  in.  .94  in.  .95  in.  5.67  in.  equals  .33  in. 
20  ft.       .96  in.       .95  in.       .94  in.       .93  in.       .94  in.       .97  in.     5.69  in.  equals  .31  in. 

ANALYSIS. 
Table   3— Melt,    43297. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 75                 .110  .029  .030  .72 

A   rail— 1 63                 .025  .029  .67 

2 63                  .108  .025  .037  .69 

D   rail— 1 63                 .020  .032  .72 

2 : 60                 .110  .033  .029  .68    . 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.44  in.  1.47  in.  1.95  in. 

Permanent  set,   base 1 .  34  in.  1 .  37  in.  1 .  84  in. 

Elongation  on   Base. 

Drop.  '  1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.05  in.     1.06  in.     1.06  in.  1.05  in.     1.04  in.  6.30  in.  equals  .30  in 

18  ft.     1.04  in.     1.05  in.     1.05  in.     1.06  in.  1.05  in.     1.03  in.  C.28  in.  equals  .28  in 

20  ft.     1.05  in.     1.07  in.     1.08  in.     1.06  in.  1.07  in.     1.04  in.  6.37  in.  equals  .37  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .95  in.       .93  in.       .94  in.  .94  in.       .96  in.  5.69  in.  equals  .31  in 

IS  ft.       .96  in.       .95  in.       .93  in.       .94  in.  .95  in.       .97  in*  5.70  in.  equals  .30  in 

20  ft.       .95  in.       .93  in.       .93  in.       .92  in.  .94  in.       .96  in.  5.63  in.  equals  .37  in. 

ANALYSIS. 
Table  4— Melt,   33363. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon 

Mill   report 62                 .078  .033  .027  62 

A   rail— 1 62                 .033  .040  '72 

2 61                  .088  .030  .041  72 

D   rail— 1 58                 .033  .035  .66 

2 58                 .080  .037  .036  .70 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.47  in.  1.71  in.  1.86  in. 

Permanent  set,   base 1.35  in.  1.61  in.  1.74  in. 

Elongation  on   Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.05  in.     1.06  in.     1.05  in.  1.05  in.     1.04  in.  6.29  in.  equals  .29  in 

IS  ft.     1.05  in.     1.06  in.     1.06  in.     1.06  in.  1.C6  in.     1.06  in.  6.35  in.  equals   35  in' 

20  ft.     1.05  in.     1.06  in.     1.07  in.     1.07  in.  1.07  in.     1.06  in.  6.38  in.  equals  .38  in. 

Contraction  on   Head. 

15  ft.       .98  in.       .95  in.       .95  in.       .93  in.  .95  in.       .96  in.  5.72  in.  equals  .28  in. 

IS  ft.       .96  in.       .93  in.       .94  in.       .95  in.  .93  in.       .96  in.  5.67  in.  equals  .33  in 

20  ft.       .97  in.       .95  in.       .92  in.       .94  in.  .91  in.       .96  in.  5.65  in.  equals  .35  in. 


192 


DROP  TESTS  OF  RAILS. 
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85-lb.   A.  S.  C.  E.  Section  Rail— O.  H.   Steel. 

July,  1910. 

ANALYSIS . 
Table  5— Melt,   33219. 

Position.               Manganese.     Silicon.  Sulphur.  Phosphorus. 

Mill    report 69                 .106  .040  .010 

A    rail— 1.... 60                 .039  .010 

2 58                  .108  .041  .010 

D   rail— 1 58                 ...\  .043  .016 

2 58                  .104  .045  .017 


Carbon. 
.71 

.75 
.72 
.72 
.75 


DROP   TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent  set,   head 1.50  in.  1.80  In.  1.82  in. 

Permanent   set,   base 1.35  in.  1.73  in.  •  1.73  in. 

Elongation  on   Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft       1.05  in.     1.05  in.     1.06  in.     1.05  in.  1.04  in.     1.03  in.  6.28  in.  equals  .28  in. 

18  ft.     1.04  iri.     1.05  in.     1.06  in.     1.07  in.  1.06  in.     1.05  in.  6.33  in.  equals  .33  in. 

20  ft.     1.03  in.     1.04  in.     1.06  in.    .1.07  in.  1.07  in.     1.06  in.  6.33  in.  equals  .33  in. 

Contraction  on   Head. 

15  ft.       .96  in.       .92  in.       .95  in.       .91  in.  .95  in.       .97  in.  5.66  in.  equals  .34  in. 

18  ft.       .97  in.       .94  in.       .93  in.       .95  in.  .93  in.       .93  in.  5.65  in.  equals  .35  in. 

20  ft.       .96  in.       .95  in.       .93  in.       .93  in.  .93  in.       .90  in.  5.60  in.  equals  .40  in. 

ANALYSIS. 
Table  6— Melt,  34227. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill   report .71                 .124  .037  .013  .71 

A   rail— 1 72                 ....  5    .039  .027  .72 

2. 68                 .114  .043  .029  .75 

D  rail— 1.. 68                 .039  .031  .75 

2-, 65                  .118  .041  .031  .72 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.35  in.  1.57  in.  1.82  in. 

Permanent  set,  base 1.24  in.  1.53  in.  1.70  in. 

Elongation  on  Base. 

Drop      1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in.    ' 

15  ft      1.06  in.     1.02  in.     1.07  in.     1.03  in.  1.05  in.     1.03  in.  6.26  iri.  equals  .26  in. 

18  ft.     1.03  in.     1.03  in.     1.06  in.     1.04  in.  1.07  in.     1.02  in.  6.25  in.  equals  .25  in. 

20  ft.     1.06  in.     1.03  in.     1.08  in.     1.05  in.  1.06  in.     1.02  in.  6.30  in.  equals  .30  in. 

Contraction  on   Head. 

15  ft.       .97  in.       .95  in.       .95  in.       .93  in.  .97  in.       .95  in.  5.72  in.  equals  .28  in. 

18  ft        .98  in.       .96  in.       .94  in.       .93  in.  .92  in.       .95.  in.  5.68  in.  equals  .32  in. 

20  ft.       .98  in.       .96  in.       .93  in.       .94  in.  .93  in.       .94  in.  5.68  in.  equals  .32  in. 

ANALYSIS. 
Table  7— Melt,  44221. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report .77                 .096  .025  .017  .65 

A  rail— 1 64                 ....  .035  .014  -    .67 

2 64                  .090  .045  .024.  .69 

D   rail— 1... 67                ....  .029  .024         ::      .65 

2: 65                  .088  .023  .024.  .65 

DROP  TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head ..1.44  in.  1.65  in.  1.88  in. 

Permanent  set,   base ...1.31  in.  1.52  in.  1.70  in. 

Elongation  on   Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.05  in.     1.05  in.     1.06  in.  1.05  in.     1.04  in.  6.29  in.  equals  .29  in 

18  ft.     1.03  in.     1.04  in.     1.06  in.     1.06  in.  1.06  in.     1.05  in.  6.30  in.  equals  .30  in. 

20  ft.     1.05  in.     1,06  in.     1.06  in.     1.07  in.  1.06  in.     1.05  in.  6.35  in.  equals  .35  In. 

Contraction  on  Head. 

15  ft.      .97  in.      .93  in.      .96  in.  '   .93  in.      .95  in.  .97  in.  5.71  in.  equals  .29  In. 

l8ft.      .97  in.      .96  in.      .94  in.      .94  in.      .93  in.  .94  in.  5.68  in.  equals  .32  In. 

20  ft.       .97  in.       .95  in.       .94  in.       .92  in.       .94  in.  .96  in.  5.68  in.  equals  .32  in.- 
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85-lb.   A.   S.   C.   E.   Section   Rail— O.  H.    Steel. 
July,  1910. 

ANALYSIS. 
Table  8— Melt,  33212. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill   report 70                 .090  .028  .019  .64 

A   rail— 1 67                 .033  .012  .69 

2 67                  .0S8  .032  .011  .68 

D  rail— 1 63                 .035  .023  .69 

2 64                  .088  .033  .026  .69 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.41  in.  1.55  in.  1.82  in. 

Permanent  set,   base 1.32  in.  1.47  in.  1.71  in. 

Elongation  on   Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.04  in.     1.05  in.     1.06  in.  1.04  in.     1.04  in.  6.27  in.  equals  .27  in. 

18  ft.     1.04  in.     1.05  in.     1.06  in.     1.06  in.  1.05  in.     1.04  in.  6.30  in.  equals  .30  in. 

20  ft.     1.04  in.     1.05  in.     1.06  in.     1.07  in.  1.06  in.     1.05  in.  6.33  in.  equals  .33  in. 

Contraction  on   Head. 

15  ft.       .97  in.       .95  in.       .95  in.       .94  in.  .94  in.       .96  in.  5.71  in.  equals  .29  in. 

18  ft.       .96  in.       .94  in.       .95  in.       .92  in.  .95  in.       .97  in.  5.69  in.  equals  .31  in. 

20  ft.       .97  in.       .95  in.       .92  in.       .92  in.  .94  in.       .96  in.  5.66  in.  equals  .34  in. 

ANALYSIS. 
Table  9— Melt,  45328. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon 

Mill    report 70                 .094  .035  .024  74 

A   rail— 1 64                 .037  .026  !74 

2 65                  .090  .033  .021  .71 

D   rail— 1 67                 .022  .020  .75 

2 66                 .096  .024  .017  .75 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.43  in.  1.60  in.  1.67  in. 

Permanent   set,   base 1.30  in.  1.50  ip.  1.55  in! 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in 

15  ft.     1.03  in.     1.04  in.     1.05  in.     1.06  in.  1.04  in.     1.04  in.  6.26  in   eauals   26  in 

18  ft.     1.03  in.     1.04  in.     1.06  in.     1.06  in.  1.06  in.     1.03  in.  6.28  in   eauals  '*8  in' 

20  ft.     1.03  in.     1.05  in.     1.06  in.     1.07  in.  1.05  in.     1.04  in.  6.30  in.  equals  !30  in! 

Contraction  on  Head. 

15  ft 9S  in.       .94  in.       .94  in.  .95  in.       .96  in 

18  ft.       .96  in.       .97  in.       .94  in.       .95  in.  .93  in.       .96  in.  5.71  in.  equals  .29  in 

20  ft.       .95  in.       .96  in.       .94  in.       .92  in.  .94  in.       .96  in.  5.67  in.  equals  .33  in! 

ANALYSIS. 
Table  10— Melt,  36223. 

-    „„,P08itioJ1-               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon 

•    Mill   report 53                 .114  .036  032  ™ 

A   rail— 1 57                 ....  .037  !o37  75 

2 57                  .100  .033  037  72 

D  rail— 1 50                 ....  .053  .037  70 

2 52                  .104  .051  .040  !75 

DROP   TEST. 

15  ft.  Drop.      IS  ft.  Drop.      20  ft   DroD 

Permanent  set,   head 1.45  in.  1.56  in  l  7'^  in 

Permanent  set,   base 1.34  in.  1.47  in.  L42  in! 

Elongation   on   Base. 
Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in 
15  ft.     1.04  in.     1.05  in.     1.05  in.     1.04  in.     1.04  in.     1.03  in.     6.25  in   eauals   *>5  in 
IS  ft.     1.03  in.     1.07  in.     1.05  in.     1.05  in.     1.05  in.     1.04  in.     6.29  in   equals   29   n' 
20  ft.     1.03  in.     1.01  in.     1.03  in.     1.02  in.     1.04  in.     1.03  in.     6.16  in!  equals  !l6  in! 

Contraction    on   Head. 
15  ft.       .95  in.       .95  in.       .96  in.       .94  in.       .96  in.       .97  in.     5.73  in.  equals  .27  in 
18  ft.       .96  in.       .96  in.       .93  in.       .94  in.       .93  in.       .95  in.     5.67  in.  equals   33  in' 
20  ft.       .99  in.       .98  in.       .97  in.       .98  in.       .96  in.       .97  in.     5.85  in.  equals  15  in 
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85-lb.   A.   S.   C.   E.   Section   Rail— O.  H.    Steel. 
July,  1910. 


ANALYSIS. 
Table    11— Melt,    2S251. 

Position.              Manganese.  Silicon.  Sulphur. 

Mill     report 70  .112  .036 

A     rail— 1 66  ....  .033 

2 67  .096  .037 

D     rail— 1 70  ....  .035 

2 70  .108  .041 

DROP   TEST. 

15  ft.  Drop. 

Permanent  set,   head 1.25  in. 

Permanent  set,    base 1.14  in. 


Phos. 
.030 
.038 
.036 
.026 
.030 


Carbon. 
.66 
.77 
.82 
.78 
.76 


826 
784 


18  ft.  Drop. 
1.45  in. 
1.32  in. 


20  ft.  Drop. 
1.61  in. 
1.54  in. 


Elongation 


Drop. 

15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 
1.03  in. 
1.03  in. 


.97  in. 
.97  in. 
.94  in. 


2d  in. 

1.04  in. 

1.05  in. 
1.05  in. 


.95  in. 
.95  in. 
.95  in. 


3d  in. 
1.05  in. 
1.05  in. 
1.05  in. 


4th  in. 

1.05  in. 

1.06  in. 

1.07  in. 


on  Base. 
5th  in.     6th  in. 


Contraction 
.94  in.  .96  in. 
.94  in.  .93  in. 
.92  in.       .94  in. 


1.04  in. 

1.05  in 

1.06  in 

on    Head 
.94  in. 
.95  in. 
.93  in. 


1.04  in. 

1.05  in. 
1.04  in. 


.96  in. 
.97  in. 
.96  in. 


Total  in  6  in. 
6.26  in.  equals  .26  in. 

6.29  in.  equals  .29  in. 

6.30  in.  equals  .30  in. 

5.72  in.  equals  .28  in. 
5.71  in.  equals  .29  in. 
5.64  in.  equals  .36  in. 


ANALYSIS. 


Table  12— Melt,  32311. 
Position. 

Mill    report 

A   rail — 1 

2 

D   rail— 1 

2 


Manganese. 
. ..  .73 
. ..  .57 
. ..  .62 
. ..  .63 
. ..      .64 


Silicon. 
.100 


.108 
!096 


Sulphur.  Phosphorus.  Carbon. 

.034                  .016  .62 

.041                  .012  .65 

.037                  .015  .65 

.037                  .010  .67 

.037                  .013  .65 


DROP  TEST. 


Permanent  set,  head 

Permanent  set,    base 

Elongation 
Drop.  1st  in.  2d  in.  3d  in.  4th  in. 
15  ft.  1.01  in.  1.05  in.  1.05  in.  1.07  in. 
18  ft.  1.03  in.  1.06  in.  1.07  in.  1.04  in. 
20  ft.  1.03  in.  1.07  in.  1.07  in.  1.07  in. 
Contraction 
.93  in.  .96  in.  .93  in. 
.97  in.  .93  in.  .94  in. 
.92  in.       .94  in.       .91  in. 


15  ft.  Drop. 
.-1.51  in. 
..1.39  in. 


18  ft.  Drop. 
1.75  in. 
1.65  in. 


20  ft.  Drop. 
2.01  in. 
1.91  in. 


on  Base. 
5th  in.     6th  in. 

1.05  in.     1.04  in. 

1.06  in.     1.05  in. 

1.07  in.     1.06  in. 


Total  in  6  in. 
6.27  in.  equals  .27  in. 
6.31  in.  equals  .31  in. 
6.37  in.  equals  .37  in. 


15  ft.  .95  in. 
18  ft.  .94  in. 
20  ft.       .92  in. 


on   Head. 

.93  in.       .99  in.  5.69  in.  equals  .31  in. 

.93  in.       .96  in.  5.67  in.  equals  .33  in. 

.92  in.       .96  in.  5.57  in.  equals  .43  in. 


Table  13— Melt,   44345. 
Position. 

Mill     report 

A     rail — 1 

2 

D     rail— 1 

2 


ANALYSIS. 

Manganese.  Silicon.  Sulphur. 
...      .77             .136  .046 

...      .'72  .031 

77  .124  .061 

70  .049 

74  .130  .035 


Phos. 
.026 
.021 
.044 
.026 
.029 


Carbon. 
.75 
.80 
1.02  1 

.73 
.74 


024 


DROP  TEST. 

1 5  ft.  Drop. 

Permanent  set,   head 1-25  in. 

Permanent   set,  base 1.19  in. 


18  ft.  Drop.      20  ft.  Drop. 
1.57  in.  1.73  in. 

1.49  in.    '        1.69  in. 


Drop. 
15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 

1.02  in. 

1.03  in. 

1.04  in. 


.97  in. 
.94  in. 
.98  in. 


2d  in. 
1.03  in. 
1.06  in. 
1.03  in. 


.96  in. 
.96  in. 
.97  in. 


Elongation 
3d  in.       4th  in 


1.04  in. 
1.04  in. 
1.06  in. 


on    Base. 

5th  in.     6th  in. 


1.05  in. 

1.05  in. 

1.06  in. 


1.05  in. 
1.04  in. 

1.06  in. 


1.04  in. 

1.05  in. 
1.03  in. 


Contraction 
.93  in.  .97  in. 
.93  in.  .94  in. 
.92  in.       .96  in. 


on   Head. 
.95  in.       .94  in. 
.94  in.       .98  in. 
.92  in.       .93  in. 


Total  in  6  in. 
6.23  in.  equals  .23  in. 

6.27  in.  equals  .27  in. 

6.28  in.  equals  .28  in. 

5.72  in.  equals  .28  in. 
5.69  in.  equals  .31  in. 
5.68  in.  equals  .32  in. 
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CARNEGIE — EDGAR    THOMSON     WORKS. 

85-lb.   A.   S.   C.   E.   Section  Rail— O.  H.    Steel. 


Table  14— Alelt,  32241. 
Position. 

Mill    report 

A   rail — 1 


D   rail- 


July,   1910. 
ANALYSIS. 

Manganese.  Silicon.     Sulphur.  Phos.  Carbon. 

...      .66              .096  .040  .033  .66 

...      .65              .047  .034  .73 

...      .69              .104  .061  .035  .98           1 

...      .62              .038  .025       *     .75 

...      .63              .096  .043  .025  .77 


00<J 


Termanent  set, 
Permanent  set, 


DROP  TEST. 

15  ft   Drop. 

head 1.20  in. 

base 1.14  in. 

Elongation    on    Base. 


18  ft.  Drop. 
1.44  in. 
1.37  in. 


20  ft.  Drop. 
1.62  in. 
1.51  in. 


Drop. 

15  ft. 
18  ft. 
20  ft. 

15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 
1.06  in. 
1.02  in. 


.96  in. 
.97  in. 
.95  in. 


2d  in. 

1.05  in. 

1.05  in. 

1.06  in. 


.95  in. 
.96  in. 
.95  in. 


3d  in. 
1.06  in. 

1.06  in. 

1.07  in. 


4  th  in. 
1.05  in. 

1.05  in. 

1.06  in. 


6th  in. 
1.00  in 
1.03  in 

1.06 


ii. 


Contraction 
.95  in.  .96  in. 
.93  in.  .96  in. 
.95  in.       .94  in. 


5th  in. 

1.04  in. 

1.05  in. 
1.07  in. 

on  Head. 

.98  in.  .98  in. 
.91  in.  .97  in. 
.95  in.       .94  in. 


Total  in  6  in. 
6.24  in.  equals  .24  in. 
6.30  in.  equals  .30  in. 
6.34  in.  equals  .34  in. 

5.78  in.  equals  .22  in. 
5.70  in.  equals  .30  in. 
5.68  in.  equals  .3;:  in. 


Table  15— Melt,   39222. 
Position. 
Mill    report.. 

A  rail — 1 

2 

D   rail— 1 

2 


ANALYSIS. 

Manganese.  Silicon.  Sulphur.  Phos.  Carbon. 

75              .130              .040  .033  .66 

82              .041  .020  .76 

82              .120              .045  .036  .77 

72              .043  .025  .66 

75              .112              .039  .036  .72 


784 


DROP  TEST. 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.37  in.  1.64  in.  1.71  in. 

Permanent   set,   base 1.2a  in.  1.54  in.  1.60  in. 


Elongation  on    Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in. 

15  ft.     1.04  in.     1.04  in.     1.06  in.     1.06  in.  1.04  in.     1.04  in. 

18  ft.     1.04  in.     1.06  in.     1.06  in.     1.06  in.  1.05  in.     1.05  in. 

20  ft.     1.04  in.     1.05  in.     1.06  in.     1.07  in.  1.05  in.     1.05  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .95  in.       .94  in.       .95  in.  .95  in.       .97  in. 

18  ft.       .98  in.       .95  in.       .94  in.       .93  in.  .94  in.       .96  in. 

20  ft.       .96  in.       .94  in.       .94  in.       .93  in.  .93  in.       ..95  in. 


Total  in  6  in. 
6.2S  in.  equals  .28  in. 
6.32  in.  equals  .32  in. 
6.32  in.  equals  .32  in. 


5.73  in.  equals  .27  in. 
5.70  in.  equals  .30  in. 
5.65  in.  equals  .35  in. 


X96  DROP  TESTS  OF  RAILS. 

NOTES    ON    CHEMICAL   ANALYSIS   OF   CARNEGIE    OPEN- 
HEARTH  STEEL  RAIL,  JULY,  1910. 

By 

J.   H.    Gibboney,   Chemist. 

Standard  drillings.  All  carbons  in  two  decimals,  our  report,  by  color, 
three  decimals  by  combustion.  Only  in  cases  where  there  was  apparent 
wide  variations  between  mill  results  and  our  findings  were  combustion 
carbons  run. 

Heat  39222 — Carbons  higher  than   mill   report.     Little   segregation. 

Heat  32241 — Carbon  segregation  in  top  of  ingot,  as  well  as  other 
variations. 

Heat  44345 — Carbon  and  other  segregation  in  top  of  ingot. 

Heat  32341 — Very  good  agreement  in  ingot  as  well  as  with  mill 
report. 

Heat  28251 — Carbons  somewhat  higher  than  mill  report.  No  segrega- 
tion. 

Heat  36223 — Very  good  agreement  in  ingot  and  with  mill  report. 

Heat  45328 — Very  good  agreement  in  ingot  and*  with  mill  report. 

Heat  33212 — Very  good  agreement  in  ingot  and  with  mill  report. 

Heat  44221 — Very  good  agreement  in  ingot  with  only  a  variation 
noted  in  Manganese. 

Heat  34227 — Very  good  agreement  in  ingot  and  with  mill  report. 

Heat  33219 — Very  good  agreement  in  ingot'  and  with  mill  report, 
except  that  our  Manganese  is  slightly  lower. 

Heat  33363 — Very  good  agreement  in  ingot.  Our  Carbons  slightly 
higher  in  top  of  ingot. 

Heat  43297— Very  good  agreement  in  ingot  and  with  mill  report, 
except  that  our  Manganese  is  lower. 

Heat  32244 — Very  good  agreement  in  ingot  and  with  mill  report. 

Heat  35218 — Very  good  agreement  in  ingot  and  with  mill  report. 

From  the  above  it  will  be  noted  that  only  in  three  heats  are  there 
any  variations  of  any  real  significance,  that  is,  Heats  39222,  32241  and 
44345.  In  Heat  39222  we  get  a  higher  carbon,  certainly  not  higher  than' 
should  be  expected  to  give  satisfactory  service,  however  higher  than  the 
mill  report.  No  segregation  noted  in  ingot.  In  Heat  32241  we  find  the 
top  of  ingot  segregated,  with  the  "D"  rail  very  close  to  the  mill  report, 
as  well  as  our  findings.  The  same  holds  true  in  the  case  of  Heat  44345. 
We  might  also  add  that  in  Heat  28251  we  find  the  Carbons  higher  than 
the  mill  report ;  however,  this  heat  is  sound  steel,  no  segregation,  and 
the  Carbons  are  not  high  enough  to  cause  us  to  believe  that  this  steel 
would  prove  unsatisfactory  in  service. 

PENNSYLVANIA  STEEL  CO. 

Open-Hearth  Steel  Rail— 85-LB.  A.   S.  C.   E.  Section,  Rolled  for  the 

Norfolk   &   Western   Railway,   July,    1910—  Pennsylvania 

Steel  Company,   Steelton,   Pa. 

The  average  discard  from  blooms  ranged  from  15  to  20  per  cent. 
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PENNSYLVANIA    STEEL    COMPANY — STEELTON     MILL. 


85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,  1910. 

ANALYSIS. 
Table  16— Melt,  25714. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 60                 .070  .051  .010  .75 

A   rail— 1 60                 .050  .014  .75 

2 62                  .102  .109  .019  1.020 

C    rail— 1 57                  .086  .016  .65 

2 57                  .0S4  .088  .019  .655 

DROP    TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.38  in.  1.50  in.  1.70  in. 

Permanent   set,    base 1.2S  in.  1.42  in.  1.56  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  ."thin,     nth  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.06  in.     1.03  in.     1.04  in.  1.04  in.     1.04  in.  6.25  in.  equals  .25  in. 

18  ft.     1.06  in.     1.06  in.     1.06  in.     1.06  in.  1.03  in.     1.04in.  6.31  in.  equals  .31  in. 

20  ft.     1.06  in.     1.06  in.     1.04  in.     1.06  in.  1.04  in.     1.06  in.  6.32  in.  equals  .32  in. 

Contraction  on    Head. 

15  ft.        .96  in.       .98  in.       .94  in.       .96  in.  .94  in.       .96  in.  5.74  in.  equals  .26  in. 

IS  ft.       .96  in.       .96  in.       .94  in.       .94  in.  .94  in.       .98  in.  5.72  in.  equals  .28  in. 

20  ft.       .96  in.       .94  in.       .94  in.       .93  in.  .94  in.       .9S  in.  5.69  in.  equals  .31  in. 

ANALYSIS. 
Table  17— .Melt,   23737. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 73                  .100  .056  .015  .71 

A   rail— 1 70                 .078  .017  .70 

2 71                  .066  .084  .021  .714 

C    rail— 1 69                 .074  .019  .70 

2 70                 .066  .070  .020  .702 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.32  in.  1.46  in.  1.74  in. 

Permanent  set,    base 1.26  in.  1.37  in.  1.60  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.03  in.     1.05  in.     1.05  in.     1.04  in.     1.05  in.     1.04  in.  6.26  in.  equals  .26  in. 

18  ft.     1.06  in.     1.07  in.     1.05  in.     1.05  in.     1.04  in.     1.05  in.  6.32  in.  equals  .32  in. 

20  ft.     1.04  in.     1.06  in.     1.06  in.     1.04  in.     1.06  in.     1.04  in.  6.30  in.  equals  .30  in. 

Contraction    on    Head. 

15  ft.       .99  in.       .94  in.       .94  in.       .93  in.       .96  in.       .97  in.  5.73  in.  equals  .27  in. 

18  ft.       .97  in.       .95  in.       .96  in.       .95  in.       .95  in.       .99  in.  5.77  in.  equals  .23  in. 

20  ft.       .98  in.       .'.)$  in 91  in.       .95  in.  5.67  in.  equals  .33  in. 

ANALYSIS. 
Table  IS— Melt,  24723. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 61                 .080  .049  .012                  75 

A   rail— 1 60                 .048  .016  .75 

2 60                  .084  .064  .017  .767 

C    rail— 1 64                 .058  .016  .63 

2 64                 .084  .056  .020  .625 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.16  in.  1.62  in.  1.44  in. 

Permanent   set,   base 1.11  in.  1.52  in.  1.36  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.04  in.     1.04  in.     1.04  in.  1.03  in.     1.04  in.  6.23  in.  equals  .23  in. 

18  ft.     1.04  in.     1.06  in.     1.05  in.     1.06  in.  1.05  in.     1.04  in.  6.30  in.  equals  .30  in 

20  ft.     1.04  in.     1.06  in.     1.04  in.     1.06  in.  1.04  in.     1.06  in.  6.30  in.  equals  .30  in. 

Contraction    on    Head. 

15  ft.       .98  in.       .95  in.       .95  in.       .94  in.       .97  in.       .98  in.  5.77  in.  equals  .23  in. 

18  ft.       .98  in 94  in.       .96  in.  5.70  in.  equals  .30  in. 

20  ft.       .98  in,       .94  in.       .92  in.      .98  in.      .94  in.       .98  in.  5.74  in.  equals  .26  in. 
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PENNSYLVANIA    STEEL    COMPANY — STEELTON    MILL. 


85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,  1910. 


Table  19— Melt,  24726. 

Position.  Manganese. 

Mill    report 62 

A   rail— 1 62 

2 64 

C    rail— 1 67 

•  2 64 


ANALYSIS. 


Silicon. 
.060 


.056 


.075 


Sulphur.  Phosphorus.  Carbon. 

.077                  .018  .67 

.080                  .010  .73 

.132                  .024  .849 

.084                  .019  .75 

.088                 .020  .773 


DROP   TEST. 


Permanent  set, 
Permanent   set, 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

head 1.48  in.  1.70  in.  1.94  in. 

base 1.36  in.  1.60  in.  1.56  in. 


Elongation  on  Base. 


Drop. 
15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 
1.06  in. 
1.06  in. 


.98  in. 
.94  in. 
.98  in. 


2d  in. 
1.04  in. 
1.08  in. 
1.06  in. 


.96  in. 
.96  in. 
.94  in. 


3d  in. 
1.04  in. 
1.06  in. 
1.10  in. 


4th  in. 
1.04  in. 
1.06  in. 
1.02  in. 


5th  in. 
1.04  in. 

1.03  in. 

1.04  in. 


6th  in. 

1.05  in. 
1.04  in. 

1.06  in. 


Contraction 
.94  in.  .94  in. 
.94  in.  .92  in. 
.92  in.       .94  in. 


on    Head. 
.97  in.       .98  in. 
.94  in.       .98  in. 
.92  in.       .94  in. 


Total  in  6  in. 
6.25  in.  equals  .25  in. 

6.33  in.  equals  .33  in. 

6.34  in.  equals  .34  in. 

5.77  in.  equals  .23  in. 
5.68  in.  equals  .32  in. 
5.64  in.  equals  .36  in. 


ANALYSIS. 


Table  20— JVTelt,  24724. 

Position.  Manganese. 

Mill    report 66 

A   rail— 1 65 

2 67 

C    rail— 1 66 

2 65 


Silicon. 
.070 


.084 
."084 


Sulphur.  Phosphorus.  Carbon. 

.051                  .024  .65 

.066                  .024  .71 

.070                  .030  .837 

.072                  .022  .66 

.070                  .031  .714 


DROP   TEST. 


Permanent  set, 
Permanent   set, 


15  ft.  Drop.       18  ft.  Drop.      20  ft.  Drop. 

head 1.47  in.  1.68  in.  2.00  in. 

base 1.36  in.  1.59  in.  1.88  in. 


Elongation  on  Base. 


Drop. 
15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 
1.04  in. 
1.08  in. 


2d  in. 
1.06  in. 
1.06  in. 
1.08  in. 


3d  in. 
1.04  in. 
1.06  in. 
1.06  in. 


4th  in. 
1.06  in. 

1.06  in. 

1.07  in. 


in.       .94  in. 


Contraction 
.94  in.       .95  in. 


5th  in. 
1.04  in. 

1.04  in. 

1.05  in. 

on    Head. 
.95  in. 


.98  in. 


Table  21— Melt,   21793. 

Position.  Manganese. 

Mill   report 73 

A   rail— 1 73 

2 74 

C    rail— 1 72 

2 73 


.92  in.       .92  in. 
ANALYSIS. 


6th  in.  Total  in  6  in. 

1.06  in.  6.30  in.  equals  .30  in. 

1.06  in.  6.32  in.  equals  .32  in. 

1.04  in.  6.41  in.  equals  .41  in. 

.97  in.  5.73  in.  equals  .27  in. 

5.72  in.  equals  .28  in, 

.94  in.  5.64  in.  equals  .30  in. 


Silicon. 
.060 


.075 
.075 


Sulphur.  Phosphorus. 


.055 
.06S 
.084 
.066 
.064 


.008 
.007 
.009 
.008 
.008 


DROP   TEST. 


15  ft.  Drop.       18  ft.  Drop. 

Permanent  set,  head 1.29  in.  1.56  in. 

Permanent  set,   base 1.29  in.  1.50  in. 


Carbon. 
.67 
.73 

.824 

.72 

.725 


20  ft.  Drop. 
1.68  in. 
1.57  in. 


Drop. 
15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 

1.03  in. 

1.04  in. 
1.03  in. 

.97  in. 
.98  in. 


2d  in. 
1.04  in. 
1.04  in. 
1.03  in. 


.96  in. 
.92  in. 


Elongation  on  Base. 
3d  in.       4th  in.       5th  in. 

1.05  in.     1.05  in.  1.05  in. 

1.05  in.     1.06  in.  1.04  in. 

1.06  in.     1.08  in.  1.06  in. 

Contraction  on    Head 
.96  in.       .93  in.       .95  in. 
94  in. 


.98  in.       .94  in. 


.94  in. 


6th  in.  Total  in  6  in. 

1.05  in.  6.27  in.  equals  .27  in. 

1.04  in.  6.27  in.  equals  .27  In. 

1.04  in.  6.26  in.  equals  .26  in. 

.97  in.  5.74  in.  equals  .26  in. 

.98  in.  5.71  in.  equals  .29  in. 

.93  in.       .94  in.       .96  in.  5.69  in.  equals  .31  in. 
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PENNSYLVANIA    STEEL    COMPANY — STEELTON     MILL. 


85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,  1910. 

ANALYSIS. 
Table  22— Melt,  25711. 

Position.                Manganese.     Silicon.         Sulphur.  Phosphorus.  Carbon. 

Mill    report 64                 .070                 .035  .009                 .77 

A   rail— 1 62                 .056  .036                 .75 

2 64                  .093                  .092  .072                  .814 

C    rail— 1 68                 .038  .016                 .73 

2 70                  .093                  .036  .014                  .808 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.58  in.             1.24  in.  1.43  in. 

Permanent  set,   base 1.46  in.             1.20  in.  1.39  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  In.       4th  in.       5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.06  in.     1.04  in.     1.08  in.     1.04  in.     1.06  in.     1.04  in.  6.32  in.  equals  .32  in. 

18  ft.     1.06  in.     1.04  in.     1.04  in.     1.05  in.     1.06  in.     1.03  in.  6.28  in.  equals  .2S  in. 

20  ft.     1.04  in.     1.06  in.     1.04  in.     1.06  in.     1.05  in.     1.05  in.  6.31  in.  equals  .31  in. 

Contraction    on    Head. 

15  ft.       .96  in.       .96  in.       .93  in.       .94  in.       .94  in.       .98  in.  5.71  in.  equals  .29  in. 

18  ft.       .98  in 96  in.       .9S  in.  5.76  in.  equals  .24  in. 

20  ft.       .98  in 96  in.  5.72  in.  equals  .28  in. 

ANALYSIS. 
Table  23— Melt,  25712. 

Position.                Manganese.     Silicon.         Sulphur.  Phosphorus.  Carbon. 

Mill    report 65                  .060                  .044  .038                  .71 

A    rail— 1 67                 .078  .040                 .60 

2 64                  .075                  .060  .038                  .649 

C    rail— 1 64                 .064  .025                 .64 

2 66                  .075                  .058  .024                  .667 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.48  in.             1.74  in.  1.96  in. 

Permanent   set,   base 1.33  in.             1.60  in.  1.76  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.  Total  in  6  in. 

15  ft.      1.05  in.     1.04  in.     1.05  in.     1.05  in.     1.06  in.     1.04  in.  6.29  in.  equals  .29  in. 

18  ft.     1.06  in.     1.04  in.     1.0S  in.     1.04  in.     1.06  in.     1.04  in.  6.32  in.  equals  .32  in. 

20  ft.     1.04  in.     1.04  in.     1.06  in.     1.06  in.     1.08  in.     1.06  in.  6.34  in.  equals  .34  in. 

Contraction    on    Head. 

15  ft.       .96  in.       .96  in.       .94  in.       .95  in.       .94  in.       .97  in.  5.72  in.  equals  .28  in. 

18  ft.        .97  in.       .94  in.       .94  in.       .92  in.       .95  in.       .98  in.  5.70  in.  equals  .30  in. 

20  ft.       .97  in.       .96  in.       .93  in.       .93  in.       .93  in.       .96  in.  5.68  in.  equals  .32  in. 

ANALYSIS. 
Table  24— Melt,   22748. 

Position.                Manganese.     Silicon.         Sulphur.  Phosphorus.  Carbon. 

Mill    report 64                  .060                  .061  .014                  .69 

A   rail— 1 6.4                 .076  .015                 .65 

2 64                 .089                 .108  .020                 .731 

C   rail— 1 64                 . . . .-                 .064  .017                 .76 

2 64                  .075                  .090  .019                  .773 

DROP  TEST. 

15  ft.  Drop.       18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.36  in.             1.58  in.  1.82  in. 

Permanent  set,   base 1.2S  in.             1.4S  in.  1.70  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.06  in.     1.05  in.     1.04  in.     1.05  in.     1.04  in.  6.28  in.  equals  .28  in. 

18  ft.      1.06  in.     1.03  in.     1.06  in.     1.04  in.     1.06  in.     1.06  in.  6.31  in.  equals  .31  in. 

20  ft.      1.06  In.     1.04  in.     1.06  in.     1.06  in.     1.04  in.     1.06  in.  6.32  in.  equals  .32  in. 

Contraction   on   Head. 

15  ft.       .98  In.       .93  In.       .96  in.       .94  in.       .96  in.       .97  in.  5.74  in.  equals  .26  in. 

18  ft 5.71  in.  equals  .29  in. 

20  ft.       .96  In.       .94  in.       .92  in 96  in.  5.66  in.  equals  .34  in. 
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PENNSYLVANIA    STEEL    COMPANY — STEELTON     MILL. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,  1910. 


Table  25— Melt,  24725. 
Position. 

Mill  report 

A   rail — 1 

2 

C    rail— 1 

2 


ANALYSIS. 


Manganese. 
. ..  .71 
. ..  .80 
. ..  .82 
. ..  .81 
...      .82 


Silicon. 
.080 


112 


102 


S'ulphur.  Phosphorus.  Carbon. 

.049                 .009  .62 

.049                 .011  .65 

.085                  .016  .763 

.056                  .009  .63 

.055                 .010  .655 


DROP   TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1 . 38  in.  1 .  68  in.            1 .  86  in. 

Permanent  set,   base 1.32  in.  1.58  in.             1.76  in. 

Elongation  on  Base. 
Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in. 


15  ft. 
18  ft. 
20  ft. 

15  ft. 
18  ft. 
20  ft. 


1.06  in. 

1.07  in. 
1.06  in. 

.96  in. 
.98  in. 


1.04  in. 
1.04  in. 
1.06  in. 


1.05  in.  1.04  in.  1.04  in.  1.04  in.  6.27  in.  equals  .27  in. 
1.05  in.  1.06  in.  1.06  in.  1.06  in.  6.34  in.  equals  .34  in. 
1.04  in*.     1.06  in.     1.04  in.     1.06  in.     6.32  in.  equals  .32  in. 


Contraction   on   Head. 
94  in.       .94  in. 


.9S  in.  5.72  in.  equals  .28  in. 
.95  in.  5.70  in.  equals  .30  in. 
5.66  in.  equals  .34  in. 


Table  26— Melt,  24722. 

Position.  Manganese. 

Mill   report 80 

A   rail— 1 75 

2. . .  .78 

C   rail— l'.'.'.'.'. '.'.'.'.'.'.'.'.  l!oi 

2 1.02 


ANALYSIS. 


Silicon. 
.080 


.102 
!<)94 


S'ulphur.  Phosphorus.  Carbon. 

.037                  .036  .75 

.058                  .010  .802 

.068                  .014  .916 

.047                  .027  .73 

.046                  .030  .808 


DROP  TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1.28  in.  1.18  in.             1.31  In. 

Permanent  set,   base 1.16  in.  1.10  in.             1.18  in. 


Drop. 
15  ft. 
18  ft. 
20  ft. 

15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.06  in. 
1.06  in. 
1.04  in. 

.98  in. 
.98  in. 
.97  in. 


2d  in. 
1.04  in. 
1.04  in. 
1.04  in. 

.96  in. 
.9S  in. 

21792. 


Elongation  on  Base. 

3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

1.05  in.     1#03  in.  1.04  in.     1.04  in.  6.26  in.  equals  .26  in. 

1.04  in.     1.04  in.  1.04  in.     1.03  in.  6.25  in.  equals  .25  in. 

1.02  in.     1.06  in.  1.06  in.     1.06  in..  6. 2S  in.  equals  .28  in. 

Contraction  on   Head. 

.95  in.       .96  in.       .95  in.       .98  in.  5.78  in.  equals  .22  in. 

93  in.       .95  in.       .98  in.  5.80  in.  equals  .20  in. 

.94  in.       .96  in.       .96  in.       .9S  in.  5.79  in.  equals  .21  in 


Table  27— Melt, 

Position.  Manganese. 

Mill   report 73 

A  rail — 1 70 

2 71 

C    rail— 1 72 

2 72 


ANALYSIS. 


Silicon. 
.070 


.075 
!693 


S'ulphur.   Phosphorus.   Carbon. 
.048  .009  .71 

.056  .009  .73 

.059  .012  .767 

.059  .012  .73 

.059  .010  .761 


DROP   TEST. 


Permanent 
Permanent 

15  ft.  Drop.      18  ft.  Drop. 
. .1.31  in.             1.50  in. 
..1.21  in.             1.40  in. 

20  ft.  Drop 
1.64  in. 
1.60  in. 

Elongation 

on  Base. 

Drop. 
15  ft. 
18  ft. 
20  ft. 

1st  in. 
1.04  in. 
1.06  in. 
1.04  in. 

2d  in. 

1.04  in. 

1.05  in. 
1.08  in. 

3d  in.       4th  in. 
1.06  in.     1.04  in. 
1.05  in.     1.05  in. 
1.04  in.     1.06  in. 

5th  in.     6th  in. 
1.05  in.     1.04  in. 

1.04  in.     1.03  in. 

1.05  in.     1.04  in. 

Total  in  6  in. 

6.27  in.  equals  .27  in 

6.28  in.  equals  .28  in 
6.31  in.  equals  .31  in 

Contraction 

on   Head. 

15  ft. 
18  ft. 
20  ft. 

.98  in. 
.98  in. 
.96  in. 

.95  in. 
.94  in. 

.95  in.      .95  in. 
'.92'in.      '.96i'n. 

.94  in.       .98  in. 
.94  in.      .96  in. 

5.75  in. 
5.70  in. 
5.68  in. 

equals  .25  in 
equals  .30  in 
equals  .32  in 

DROP  TESTS  OF  RAILS. 
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PENNSYLVANIA    STEEL    COMPANY — STEELTON     MILL. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,  1 910. 


ANALYSIS. 

Table 

28— Melt 

16005. 

Position. 

Manganese.     Silicon.         S'ulphur. 

Phosphorus.  Carbon. 

Mill  report 

79 

.100                  .041 

.012                 .66 

A 

66 

.059 

.009                 .73 

2 

68 

.066                  .112 

.015                  .932 

C 

87 

.046 

.011                  .80 

2 

88 

.066                  .050 
DROP   TEST. 

.014                  .802 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent 

1.32  in.             1 

Permanent 

set,   ba 

1.26  in.             1 

44  in.             

Elongation  on  Base. 

Drop. 

1st  in. 

2d  in. 

3d  in. 

4th  in.       5th  in.     6th  in. 

Total  in  6  in. 

15  ft. 

1.04  in. 

1.04  in. 

1.04 

in. 

1.04  in.     1.04  in.     1.04  in. 

6.24  in.  equals  .24  in. 

18  ft. 

1.04  in. 

1.06  in. 

1.04 

in. 

1.04  in.     1.04  in.     1.06  in. 

6.28  in.  equals  .24  in. 

20  ft. 

Contraction   on   Head. 

15  ft. 

.98  in. 

.98  in. 

.94 

in. 

.94  in.       .96  in.       .98  in. 

5.78  in.  equals  .22  in. 

18  ft. 

.98  in. 

.96  in. 

.94 

in. 

.94  in.       .93  in.       .9S  in. 

5.73  in.  equals  .27  in. 

20  ft. 

ANALYSIS. 

Table 

29— Melt, 

25715. 

Position. 

Manganese.     Silicon.         S'ulphur. 

Phosphorus.  Carbon. 

Mill   report 

62 

.050                  .074 

.008                 .70 

A 

.56 

.088 

.010                 .61 

2 

.60 

.037                  .106 

.011                  .625 

C 

.56 

....                 .096 

.010                  .« 

2, 

.56 

.047                 .094 
DROP  TEST. 

.009                  .629 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent 

set  head. . . 

1.81  in.             1 

.98  in.             2.22  in. 

Permanent 

1.66  in.             1 

.90  in.             2.08  in. 

Elongation  on  Base. 

Drop. 

1st  in. 

2d  in. 

3d  in. 

4th  in.       5th  in.     6th  in. 

Total  in  6  in. 

15  ft. 

1.04  in. 

1.07  in. 

1.04 

in. 

1.08  in.     1.04  in.     1.06  in. 

6.33  in.  equals  .33  in. 

18  ft. 

1.06  in. 

1.06  in. 

1.06 

in. 

1.06  in.     1.06  in.     1.06  in. 

6.36  in.  equals  .36  in. 

20  ft. 

1.08  in. 

1.08  in. 

1.08 

in. 

1.08  in.     1.07  in.     1.06  in. 

6.45  in.  equals  .45  in. 

Contraction   on   Head. 

15  ft. 

.94  in. 

.96  in. 

.94 

in. 

.93  in.       .94  in.       .98  in. 

5.69  in.  equals. 31  in. 

18  ft. 

.96  in. 

.92  in. 

.96 

in. 

.94  in.       .92  in.       .94  in. 

5.64  in.  equals  .36  in. 

20  ft. 

.98  in. 

.92  in. 

.94 

in. 

.92  in.       .94  in.       .97  in. 
ANALYSIS. 

5.67  in.  equals  .33  in. 

Table 

30— Melt 

24727. 

Position. 

Manganese.     Silicon.         S'ulphur. 

Phosphorus.  Carbon. 

Mill   report 

.63 

.060                 .052 

.007                 .76 

A 

rail — 1 . . 

.67 

.058 

.009                 .73 

2.  . 

.68 

.037                  .096 

.012               1.020 

C 

.63 

.068 

.008                  .81 

2.. 

.63 

.047                  .064 
DROP   TEST. 

.008                  .808 

15  ft.  Drop.      IS  ft.  Drop.      20  ft.  Drop. 

Permanent 

1.17  in.             1 

42  in.             1.56  in. 

Permanent 

1.10  in.             1 

.34  in.             1.40  in. 

Elongation  on  Base. 

Drop. 

1st  in. 

2d  in. 

3d  in. 

4th  in.       5th  in.     6th  in. 

Total  in  6  in. 

15  ft. 

1.04  in. 

1.04  in. 

1.04 

in. 

1.02  in.     1.02  in.     1.06  in. 

6.22  in.  equals  .22  ins 

18  ft. 

1.04  in. 

1.06  in. 

1.04 

in. 

1.03  in.     1.04  in.     1.06  in. 

6.27  in.  equals  .27  in. 

20  ft. 

1.04  in. 

1.04  in. 

1.04 

in. 

1.04  in.     1.03  in.     1.06  in. 

6.25  in.  equals  .25  in. 

Contraction   on  Head. 

15  ft. 

.97  in. 

.97  in. 

.96 

in. 

.94  in.       .96  in.       .98  in. 

5.78  in.  equals  .22  in. 

18  ft. 

.98  in. 

.96  in. 

.94 

in. 

.94  in.       .96  in.       .98  in. 

5.76  in.  equals  .24  in. 

20  ft. 

.98  in. 

.96  in. 

.94 

in. 

.94  in.       .93  in.       .97  in. 

5.72  in.  equals  .28  in 
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NOTES  ON  CHEMICAL  ANALYSIS  OF  PENNSYLVANIA  STEEL 
COMPANY'S   OPEN-HEARTH   STEEL  RAIL,  JULY,    1910. 

By 
J.   H.  Gibboney,  Chemist. 
Standard  method   of  taking   drillings.     "A"    Section   from  Top   Rail. 
"C"  Section  from  third  rail  from  top. 

All  Carbons  reported  in  two  decimals  by  Color,  in  three  decimals 
by  Combustion. 

TENNESSEE   COAL,   IRON   &   R.   R.    CO. 

Open-Hearth  Steel  Rail— 85-LB.  A.   S.  C.  E.   Section,  Rolled  for  the 

Winston-Salem   Southbound  Railway,  July,   1910 — Tennessee 

Coal,    Iron    &    Railroad    Co. — Ensley    Mill, 

Birmingham,  Ala. 

On  account  of  economical  reasons  and  the  character  of  the  ore  used 
at  this  plant,  the  "duplex  system"  of  treatment  is  followed  in  the  manu- 
facture of  Open-Hearth   Steel. 

Under  this  process,  the  metal  from  blast  furnaces  is  first  poured 
into  a  large  mixer,  thence  it  is  passed  through  Bessemer  converters, 
and  afterwards  through  a  tilting  type  of  Open-Hearth  furnaces,  each  of 
100  tons  capacity.  The  system  of  testing  employed  at  this  mill,  both 
from  a  physical  and  chemical  standpoint,  is  very  highly  developed;  this, 
also  for  reasons  of  economy  and  for  uniformity  of  product. 

Nine  per  cent,  minimum  discard  was  aimed  at  as  usual  in  shearing 
blooms.  The  total  discard  from  both  blooms  and  at  rail  saws  varied  from 
15  to   17  per  cent. 

LNSLEY  MILL — TENNESSEE  COAL,  IRON  AND  RAILROAD  COMPANY — FOR  WINSTON- 
SALEM    SOUTHBOUND    RAILWAY    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 

July,   1910. 

ANALYSIS. 
Table  31— Melt,  10471. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill   report 78                 .100  .033  .025  .63 

A   rail— 1 74                 .110  .035  .025  .62 

2 75                  .113  .037  .029  .65 

c    rail— 1 75                 .108  .034  .030  .64 

2 75                 .110  .035  .030  .65 

DROP  TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.68  in.  1.95  in.  2.25  in. 

Permanent  set,   base 1.56  in.  1.82  in.  2.07  in. 

Elongation  on  Base. 
Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in. 
15  ft.      1.04  in.     1.06  in.     1.06  in.     1.05  in.     1.05  in.     1.05  in.     6.31  in.  equals  .31  in. 
18  ft.      1.04  in.     1.08  in.     1.06  in.     1.05  in.     1.07  in.     1.05  in.     6.35  in.  equals  .35  in. 
20  ft.      1.07  in.     1.09  in.     1.08  in.     1.10  in.     1.05  in.     1.06  in.     6.45  in.  equals  .45  in. 

Contraction  on  Head. 

15  ft.        .96  in.       .96  in.       .94  in.       .96  in.       .93  in.  .96  in.  5.71  in.  equals  .29  in. 

18  ft.       .94  in.       .92  in.       .95  in.       .91  in.       .96  in.  .98  in.  5.66  in.  equals  .34  in. 

20  ft.       .93  in.       .91  in.       .95  in.       .90  in.       .95  in.  .98  in.  5.62  in.  equals  .38  in. 
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ENSLEY  MILL — TENNESSEE  COAL,  IRON  AND  RAILROAD  COMPANY — FOR  WINSTON- 
SALEM    SOUTHBOUND    RAILWAY    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,   1910. 


Table  32— Melt,  60463. 
Position. 

Mill    report 

A   rail — 1 


ANALYSIS. 


C    rail- 


Manganese. 
. ..  .65 
. ..  .63 
. ..  .63 
. ..  .62 
. ..      .64 


Silicon. 

!iio 

.113 
.098 
.100 


Sulphur.  Phosphorus.  Carbon. 

.031                 .031  .63 

.034                  .032  .64 

.032                  .037  .62 

.038                  .033  .63 

.044                  .039  .65 


DROP   TEST. 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.76  in.  2.14  in.  2.27  in. 

Permanent  set,    base 1.68  in.  2.00  in.  2.12  in. 


Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in. 

15  ft.      1.06  in.     1.06  in.     1.06  in.     1.06  in.  1.06  in.     1.06  in. 

IS  ft.      1.05  in.     1.09  in.     1.08  in.     1.07  in.  1.06  in.     1.05  in. 

20  ft.     1.07  in.     1.10  in.     1.07  in.     1.07  in.  1.07  in.     1.05  in. 

Contraction  on    Head. 

15  ft.       .95  in.       .92  in.       .94  in.       .95  in.  .95  in.       .96  in. 

IS  ft.       .94  in.       .91  in.       .92  in.       .92  in.  .91  in.       .97  in. 

20  ft.       .92  in.       .92  in.       .95  in.       .91  in.  .94  in.       .98  in. 


Total  in  6  in. 
6.36  in.  equals  .36  in. 
6.40  in.  equals  .40  in. 
6.43  in.  equals  .43  in. 

5.67  in.  equals  .33  in. 
5.57  in.  equals  .43  in. 
5.62  in.  equals  .38  in. 


Table  33— Melt,  40484. 
Position. 

Mill    report 

A   rail — 1 

2 

C    rail — 1 

2 


ANALYSIS. 


Manganese. 
. ..  .73 
. ..  .70 
. ..  .71 
. ..  .69 
. ..      .69 


S 


licon. 

088 

093 

100 

090 

092 


Sulphur.  Phosphorus.  Carbon. 
.038  .025  .65 

.030  .033  .63 

.038  .037  .67 

.036  .032  .63 

.042  .034  .67 


DROP   TEST. 


Permanent  set, 
Permanent  set, 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

head 1.46  in.  1.96  in.  2.20  iji. 

base 1.30  in.  1.85  in.  2.08  in. 


Drop. 

15  ft. 
IS  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 
1.04  in. 
1.06  in. 


.96  in. 
.97  in. 
.95  in. 


2d  in. 
1.08  in. 
l.OSin. 

1.0S  in. 


.96  in. 
.91  in. 
.91  in. 


Elongation  on  Base. 
3d  in.       4th  in.       5th  in.     6th  in. 
1.05  in.     1.06  in.     1.05  in.     1.06  in. 

1.07  in.     1.08  in.     1.07  in.     1.06  in. 

1.08  in.     1.10  in.     1.06  in.     1.07  in. 


Contraction 
.96  in.  .93  in. 
.95  in.  .94  in. 
.95  in.       .93  in. 


on    Head. 
.94  in.       .98  in. 
.93  in.       .95  in. 
.92  in.       .98  in. 


Total  in  6  in. 
6.34  in.  equals  .34  in. 
6.40  in.  equals  .40  in. 
6.45  in.  equals  .45  in. 

5.73  in.  equals  .27  in. 
5.65  in.  equals  .35  in. 
5.64  in.  equals  .36  in. 


Table  34— Melt,   50462. 
Position. 

Mill    report 

A    rail — 1 


ANALYSIS. 


C    rail— 1. 
2. 


Manganese. 
...      .72 
...      .69 

. .      .69 

. .      .70 

..      .69 


Silicon. 
.113 
.093 
.110 
.113 
.120 


Sulphur.  Phosphorus.  Carbon. 
.042  .040  .71 

.038  .045  .67 

.038  .046  .69 

.038  .042  .67 

.038  .045  .67 


DROP   TEST. 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1.64  in.  1.85  in.  2.13  in 

Permanent  set,    base : 1.50  in.  1.72  in.  1  98  in 


Elongation  on  Base. 


Drop. 
15  ft. 
IS  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.05  in. 

1.05  in. 

1.06  in. 


.98  in. 
.98  in. 
.94  in. 


2d  in. 
1.06  in. 
1.04  in. 
1.08  in. 


.94  in. 
.92  in. 
.91  in. 


3d  in. 
1.07  in. 

1.07  in. 

1.08  in. 


4th  in. 
1.05  in. 
1.05  in. 
1.09  in. 


Contraction 
.94  in.  .93  in. 
.92  in.  .93  in. 
.96  in.       .90  in. 


5th  in. 

1.06  in. 

1.07  in. 
1.04  in. 

on   Head. 

.96  in. 
.93  in. 
.95  in. 


6th  in.  Total  in  6  in. 

1.05  in.  6.34  in.  equals  .34  in. 

1.06  in.  6.34  in.  equals  .34  in. 

1.07  in.  6.42  in.  equals  .42  in. 


.96  in.  5.71  in.  equals  .29  in. 
.98  in.  5.66  in.  equals  .34  in. 
.98  in.     5.64  in.  equals  .36  in. 
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ENSLEY  MILL — TENNESSEE  COAL,  IRON  AND  RAILROAD  COMPANY — FOR  WINSTON- 
SALEM    SOUTHBOUND    RAILWAY    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
July,   1910. 


ANALYSIS. 

Table  35— Melt, 

50464. 

Position. 

Man 

ganese.     Silicon.         Sulphur. 

Phosphorus.  Carbon. 

Mill   report 

6S 

.113 

.040 

.031                 .68 

67 

.112 

.042 

.032                 .63 

2 

68 

6N 
69 

.120 
.10S 
.110 

.046 
.046 
.044 

.036                 .65 

C    rail — 1. . 

.034                 .65 

2.. 

.035                 .67 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop 

Permanent 

1.69  in 

2 

01  in.             2.20  in. 

Permanent 

1.60  in 

1 

90  in.             2.08  in. 

Elongation  on  Base. 

Drop.     1st  in. 

2d  in. 

3d  in. 

4th  in.       5th  in. 

6th  in. 

Total  in  6  in. 

15  ft.     1.05  in. 

1.06  in. 

1.06 

in. 

1.05  in.     1.03  in. 

1.05  in. 

6.30  in.  equals  .30  in. 

18  ft.     1.07  in. 

1.10  in. 

1.06 

in. , 

1.08  in.     1.03  in. 

1.06  in. 

6.40  in.  equals  .40  in. 

20  ft.     1.06  in. 

1.10  in. 

1.05 

in.  ' 

1.0S  in.     1.06  in. 

1.06  in. 

6.41  in.  equals  .41  in. 

Contraction    on    Head 

15  ft.       .97  in. 

.94  in. 

.93 

in. 

.92  in.       .95  in. 

.96  in. 

5.67  in.  equals  .33  in. 

18  ft.       .93  in. 

.94  in. 

.95 

in. 

.92  in.       .96  in. 

.99  in. 

5.69  in.  equals  .31  in. 

20  ft.       .94  in. 

.91  in. 

.95 

in 

.93  in.       .92  in. 
ANALYSIS. 

.98  in. 

5.63  in.  equals  .37  in. 

Table  36— Melt, 

10470. 

Positioi 

. 

Manganese.     Silicon.         Sulphur. 

Phosphorus.  Carbon 

Mill    report 

70 

.080 

.031 

.031                 .75 

68 

70 

.090 
.093 

.02S 
.036 

.028                 .69 

2.. 

.030                 .72 

68 
68 

.086 
.088 

.032 
.036 

.030                 .72 

2.. 

.031                 .73 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop 

1 

.84  in.            2.10  in. 

Permanent 

set,   ba 

1 

.73  in.             1.96  in. 

Elongation  on  Base. 

Drop.     1st  in. 

2d  in. 

3di 

a. 

4th  in.       5th  in. 

6th  in. 

Total  in  6  in. 

15  ft.     1.04  in. 

1.06  in. 

1.05 

in. 

1.06  in.     1.04  in. 

1.06  in. 

6.31  in.  equals  .31  in 

18  ft.     1.06  in. 

1.08  in. 

1.05 

in. 

1.07  in.     1.05  in. 

1.06  in. 

6.37  in.  equals  .37  in 

20  ft.     1.10  in. 

1.07  in. 

1.09 

in. 

1.0S  in.     1.06  in. 

1.06  in. 

6.46  in.  equals  .46  in 

Contraction    on   Heac 

. 

15  ft.       .97  in. 

.94  in. 

.96 

in. 

.97  in.       .94  in. 

.97  in. 

5.75  in.  equals  .25  in 

18  ft.       .95  in. 

.92  in. 

.95 

in. 

.92  in.       .93  in. 

.99  in. 

5.66  in.  equals  .34  in 

20  ft.       .96  in. 

.91  in. 

.96 

in. 

.90  in.       .95  in. 
ANALYSIS. 

.99  in. 

5.67  in.  equals  .33  in 

Table  37— Melt 

404S5. 

Position. 

Man 

ga  r 

ese.     Silicon.         Sulphur. 

Phosphorus.  Carbon 

Mill    report 

69 

.098 

.031 

.033                 .63 

62 

.106 

.028 

.029                 .61 

2. . 

07 
67 
62 

.110 
.108 
.109 

DROP   TEST. 

.032 
.032 
.038 

.035                  .62 

C    rail — 1 . . 

.033                  .62 

2. . 

.035                  .65 

15  ft.  Drop.       IS  ft.  Drop.       20  ft.  Drop 

Permanent 

1.71  in 

2 

.04  in.             2.25  in. 

Permanent 

1 .60  in 

!         1 

.90  in.             2.10  in. 

Elongation  on  Base. 

Drop.     1st  in. 

2d  in. 

3di 

i. 

4th  in.       5th  in. 

6th  in. 

Total  in  6  in. 

15  ft.     1.05  in. 

1.05  in. 

1.07 

in. 

1.04  in.     1.05  in. 

1.01  in. 

6.27  in.  equals  .27  in 

18  ft.     1.05  in. 

1.08  in. 

1.07 

in. 

1.08  in.     1.05  in. 

1.05  in. 

6.38  in.  equals  .38  in 

20  ft.     1.07  in. 

1.07  in. 

1.10 

in. 

1.06  in.     1.08  in. 

1.07  in. 

6.45  in.  equals  .45  in 

Contraction    on    Head. 

15  ft.       .95  in. 

.96  in. 

.91 

in. 

.94  in.       .92  in. 

.97  in. 

5.65  in.  equals  .35  in 

18  ft.       .95  in. 

.92  in. 

.95 

in. 

.93  in.       .93  in. 

.98  in. 

5.66  in.  equals  .34  in 

20  ft.       .96  in. 

.90  in. 

.97 

In. 

.89  in.       .93  in. 

.98  in. 

5.63  in.  equals  .37  in 

DROP  TESTS  OF  RAILS. 
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ENSLEY  MILL — TENNESSEE  COAL,  IRON  AND  RAILROAD  COMPANY — FOR  WINSTON- 
SALEM    SOUTHBOUND    RAILWAY    COMPANY. 


85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 

July,   1910. 

ANALYSIS. 
Table  3S— Melt,  504C3. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 63                  .111  .031  .030  .61 

A   rail— 1 60                  .140  .030  .035  .64 

2 62                  .143  .032  .036  .62 

C    rail— 1 59                 .120  .028  .035  .63 

2 60                  .122  .030  .036  .64 

DROP   TEST. 

15  ft.  Drop.  IS  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1.70  in.  1.95  in.            2.35  in. 

Permanent  set,   base 1.61  in.  1.S3  in.             2.17  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in 

15  ft.     1.04  in.     1.04  in.     1.04  in.     1.07  in.  1.06  in.     1.02  in.  6.27  in.  equals  .27  in 

IS  ft.     1.07  in.     1.05  in.     1.06  in.     1.07  in.  1.06  in.     1.07  in.  6.38  in.  equals  .38  in 

20  ft.     1.0S  in.     1.0S  in.     1.10  in.     1.08  in.  1.09  in.     1.05  in.  6.48  in.  equals  .48  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .94  in.       .94  in.       .92  in.       .94  in.  .94  in.  5.65  in.  equals  .35  in. 

18  ft.       .95  in.       .92  in.       .94  in.       .95  in.       .91  in.  .9S  in.  5.65  in.  equals  .35  in. 

20  ft.       .95  in.       .90  in.       .95  in.       .90  in.       .95  in.  .97  in.  5.62  in.  equals  .38  in. 

ANALYSIS. 
Table  39— Melt,  60465. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 71                  .038  .028  .70 

A    irail— 1 67                 .108  .032  .029  .69 

2 69                  .106  .034  .031  .72 

C    rail— 1 68                 .110  .032  .031  .70 

2 69                  .104  .034  .033  .72 

DROP   TEST. 

15  ft.  Drop.  IS  ft.  Drop.  20  ft.  Drop. 

Permanent  set,   head 1.54  in.  1.92  in.  2.15  in. 

Permanent  set,    base 1.44  in.  1.80  in.  2.02  in. 

Elongation  on    Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.03  in.     1.06  in.     1.05  in.     1.05  in.  1.03  in.     1.02  in.  6.24  in.  equals  .24  in. 

IS  ft.     1.05  in.     1.0S  in.     1.06  in.     1.07  in.  1.06  in.     1.05  in.  6.37  in.  equals  .37  in. 

20  ft.     1.07  in.     1.08  in.     1.06  in.     1.08  in.  1.04  in.     1.05  in.  6.38  in.  equals  .38  in. 

Contraction  on  Head. 

15  ft.       .96  in.       .95  in.       .93  in.       .95  in,       .96  in.  .98  in.  5.63  in.  equals  .27  in. 

IS  ft.       .95  in.       .91  in.       .95  in.       .92  in.       .93  in.  .99  in.  5.65  in.  equals  .35  in. 

20  ft.       .93  in.       .92  in.       .95  in.       .93  in.       .94  in.  .97  in.  5.64  in.  equals  .36  in. 

ANALYSIS. 
Table  40— Melt,  60464. 

Position.  Manganese.     Silicon.         Sulphur.  Phosphorus.  Carbon 

Mill    report 69                  .104                  .030                  .022  61 

A    rail— 1 66                  .112                  .030                   022  *59 

2 70                  .110                  .032                  .021  *60 

C    rail— 1 67                 .106                 .034                 .024  "60 

2 70                  .10S                  .031                  .025  ^2 

DROP   TEST. 

15  ft.  Drop.       IS  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1  .76  in.             2.30  in.  2.50  in. 

Permanent   set,   base 1.71  in.             2.15  in.  2.30  in! 

Elongation  on  Base. 

Drop.      1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in 

15  ft.      1.04  in.     1.08  in.     1.08  in.     1.06  in.  1.04  in.     1.06  in.  6.36  in.  equals   36  in 

IS  ft.      1.07  in.     1.10  in.     1.0S  in.      1.08  in.  1.06  in.     1.07  in.  6.46  in.  equals  .46  in' 

20  ft.      l.OSin.     1.11  in.     1.0S  in.     1.09  in.  1.07  in.     1.07  in.  6.50  in.  equals  .50  in. 

Contraction  on   Head. 

15  ft.        .94  in.       .94  in.       .96  in.       .90  in.  .95  in.       .9S  in.  5.67  in.  equals   33  in 

18  ft.       .95  in.       .89  in.       .94  in.       .94  in.  .90  in.       .98  in.  5.60  in.  equals   40  in 

20  ft.       .90  in.       .93  in.      .92  in.       .90  in.  .94  in.       .98  in.  5.57  in.  equals  .43  In' 
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ENSLEY  MILL — TENNESSEE  COAL,  IRON  AND  RAILROAD  COMPANY — FOR  WINSTON- 
SALEM    SOUTHBOUND    RAILWAY    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 

July,   1910. 

ANALYSIS. 
Table  41— Melt,  10472. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 70                  .109  .037  .021  .fi5 

A   rail— 1 70                 .112  .036  .020  .65 

2 70                  .116  .038  .022  .67 

C    rail— 1 68                  .108  .035  .020  .6a 

2 68                  .110  .036  .022  .66 

DROP   TEST. 

15  ft.  Drop.  IS  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1.7S  in.  2.00  in.  2.41  in. 

Permanent   set,   base 1.66  in.  l.SS  in.  2.24  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.      1.05  in.     1.05  in.     1.07  in.     1.07  in.  1.05  in.     1.04  in.  6.33  in.  equals  .33  in 

IS  ft.      1.07  in.     1.06  in.     1.05  in.     1.09  in.  1.05  in.     1.06  in.  6.38  in.  equals   38  in. 

20  ft.      1.09  in.     1.0S  in.     1.11  in.     1.06  in.  1.10  in.     1.05  in.  6.49  in.  equals  .49  in. 

Contraction  on  Head. 

15  ft.       .94  in.       .92  in.       .94  in.       .94  in.  .93  in.       .96  in.  5.63  in.  equals  .37  in. 

18  ft.       .97  in.       .90  in.       .93  in.       .97  in.  .90  in.       .95  in.  5.62  in.  equals  .38  in. 

20  ft.        .95  in.       .90  in.       .98  in.       .89  in.  .92  in.       .97  in.  5.61  in.  equals  .39  in. 

ANALYSIS. 
Table  42— Melt,   20449. 

Position.               Manganese.  Silicon.  S'ulphur.  Phosphorus.   Carbon. 

Mill    report 72  .033  .018  .68 

A  rail— 1 , 69  .090  .036  .018  .69 

2 70  .093  .031  .019  .69 

C    rail— 1 69  .088  .036  .020  .70' 

2 70  .090  .036  .023  .72 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop 

Permanent  set,  head 1.64  in.  1.95  in.  2.11  in. 

Permanent  set,   base 1.50  in.  1.75  in.  1.98  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.      1.04  in.     1.08  in.     1.07  in.     1.05  in.  1.05  in.     1.04  in.  6.33  in.  equals  .33  in 

18  ft.      1.05  in.     1.06  in.     1.09  in.     1.05  in.  1.08  in.     1.07  in.  6.40  in.  equals  .40  in. 

20  ft.      1.10  in.     1.06  in.     1.09  in.     1.04  in.  1.05  in.     1.03  in.  6.37  in.  equals  .37  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .96  in.       .93  in.       .93  in.  .94  in.       .97  in.  5.70  in.  equals  .30  in. 

18  ft.        .98  in.       .93  in.       .95  in.       .94  in.  .92  in.       .97  in.  5.69  in.  equals'.3l  in. 

20  ft.        .97  in.       .90  in.       .95  in.       .92  in.  .93  in.       .97  in.  5.64  in.  equals  .36  in. 

NOTES    ON   CHEMICAL  ANALYSIS    OF   ENSLEY   MILL   OPEN- 
HEARTH  STEEL  RAIL,  JULY,  1910. 

By 

J.  H.  Gibboney,  Chemist. 

From  a  comparison  of  our  results  with  those  reported  by  the  Mill 
people  a  very  close  agreement  in  all  heats  is  noted.  It  is  also  noted 
that  all  twelve  heats  show  close  agreement  among  themselves,  giving  3 
uniform  product  for  this  rolling. 

Standard  method  observed   for   taking  drillings. 

All    Carbons    run    by    color    method,    using    Penn.    Steel    Company's 
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0.73  per  cent.  Carbon  O.  H.  Steel  Rail  for  comparison.  Several  samples 
were  checked  up  by  combustion  with  no  noticeable  variation  from  the 
color  figure. 

BETHLEHEM  STEEL  COMPANY. 

Open-Hearth  Steel  Rail — 85-LB.  A.   S.  C.  E.  Section,  Rolled  for  the 

Norfolk  &  Western   Railway,  August,    1910 — Bethlehem 

Steel  Works,   South    Bethlehem,   Pa. 

Rails   rolled  without  reheating  from  ingot  to  finished  rail. 
The  average  discard  from   blooms  ranged  from  19  to  22   per  cent. ; 
that  at  saws  was  fully  3  per  cent.    Total  averaged  from  22  to  25  per  cent. 

BETHLEHEM     STEEL    COMPANY. 

85-Ib.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
August,  1910. 

ANALYSIS. 
Table  43— Melt,  B-20428. 

Position.  Manganese.  Silicon.  Sulphur.   Phosphorus.  Carbon. 

Mill    report 62  .040  .022  .63 

Top— 1   61                  .034  .023  .70 

2 63                  .149  .031  .021  .69 

Bottom— 1 61                 .032  .023  .69 

2 61                  .121  .032  .021  .69 

DROP   TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,  head 1 .  55  in.  1 .  77  in.  1 .  87  in. 

Permanent   set,   base 1.4S  in.  1.71  in.  1.77  in. 

Elongation  on  Base. 
Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in. 


15  ft. 
IS  ft. 
20  ft. 

1.05  in. 

1.06  in. 
1.04  in. 

1.04  in. 

1.05  in. 

1.06  in. 

1.06  in. 

1.07  in. 

l.OS  in. 

1.05  in.     1.06  in. 

1.06  in.     1.07  in. 

1.07  in.     l.OS  in. 

1.03  in. 
1.02  in. 

1.01  in. 

6.29  in.  equals  .29  in. 
6.33  in.  equals  .33  in. 
6.37  in.  equals  .37  in. 

Contraction    on    Head 

15  ft. 
IS  ft. 
20  ft. 

.96  in. 
.97  in. 
.96  in. 

.94  in. 
.93  in. 
.95  in. 

.95  in. 
.94  in. 
.92  in. 

.93  in.       .96  in. 
.95  in.       .93  in. 
.95  in.       .93  in. 

.97  in. 
.95  in. 
.93  in. 

5.71  in.  equals  .29  in. 
5.67  in.  equals  .33  in. 
5.64  in.  equals  .36  in. 

Table  44— Melt,  B-1647 
Position. 

Top— 1   

2  

Bottom— 1   

9 

ANALYSIS. 

2_ 

Manganese.     Silicon.         S 

,      .77                 

.69 

.72                 .093 
.70 
. ..      .70 

ulphur. 
.041 
.020 
.024 
.016 
.016 

Phosphorus.   Carbon. 
.023                 .65 
.023                 .68 
.029                  .66 
.026                  .68 
.025                  .68 

DROP  TEST. 

Permanent 
Permanent 

15  ft.  Drop.       IS  ft.  Drop.       20  ft.  Drop 

1.28  in.              1.55  in.             1.74  in. 

1.23  in.             1.47  in.             1.65  in. 

Elongation  on  Base. 

Drop. 
15  ft. 
IS  ft. 
20  ft. 

1st  in. 
1.06  in. 
1.05  in. 
1.05  in. 

2d  in. 
1.03  in. 
1.03  in. 
1.05  in. 

3d  in. 
1.05  in. 
1.05  in. 

1.07  in. 

4th  in.       5th  in. 

1.05  in.     1.06  in. 

1.06  in.     1.07  in. 

1.07  in.     1.07  in. 

6th  in. 
1.01  in. 
1.03  in. 
I.03  in. 

Total  in  6  in. 
6.26  in.  equals  .26  in 
6.29  in.  equals  .29  in 
6.34  in.  equals  .34  in 

Contraction   on   Head 

. 

15  ft. 
IS  ft. 
20  ft. 

.98  in. 
.97  in. 
.96  in. 

.95  in. 
.96  in. 
.94  in. 

.95  in. 
.93  in. 
.93  in. 

.95  in.       .95  in. 
.95  in.       .95  in. 
.95  in.       .93  in. 

.96  in. 
.93  in. 
.93  in. 

5.74  in.  equals  .26  in 
5.69  in.  equals  .31  in 
5.64  in.  equals  .36  in 
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BETHLEHEM     STEEL    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 

August,  1910. 

ANALYSIS. 


Table  45— Melt,  B-20427. 

Position.  Manganese.     Silicon. 

Mill   report 65  

Top— 1 93  

2 92  .130 

Bottom — 1 92  

2 95  .130 


S'ulphur.  Phosphorus.  Carbon 

.044                 .021  .74 

.027                  .023  .88 

.024                  .030  .88 

.022                  .024  .84 

.022                  .030  .88 


DROP  TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop 

Permanent  set,   head 99  in.  1.35  in.  1.47  in. 

Permanent  set,   base 97  in.  1.27  in.  1.40  in. 


Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in. 

15  ft.     1.05  in.     1.02  in.     1.04  in.     1.04  in.  1.05  in.     1.01  in. 

IS  ft.      1.05  in.     1.04  in.     1.05  in.     1.05  in.  1.06  in.     1.02  in. 

20  ft.      1.02  in.     1.06  in.     1.04  in.    .1.06  in.  1.04  in.     1.04  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .97  in.       .95  in.       .96  in.  .97  in.       .97  in. 

18  ft.        .97  in.       .95  in.       .95  in.       .96  in.  .96  in.       .95  in. 

20  ft.        .95  in.       .95  in.       .96  in.       .93  in.  .95  in.       .96  in. 


Total  in  6  in. 
6.21  in.  equals  .21  in. 
6.27  in.  equals  .27  in. 
6.26  in.  equals  .26  in 

5.79  in.  equals  .21  in. 
5.74  in.  equals  .26  in. 
5.70  in.  equals  .30  in. 


Table  46— Melt,   B-193S3. 


ANALYSTS. 


Position. 
Mill   report. . 

Top— 1 

2 

Bottom — 1  . . 
2  .. 


Manganese. 
. ..  .78 
...  .79 
...  .80 
. ..  .78 
...      .78 


Silicon. 
.0S7 


.120 


.102 


S'ulphur.  Phosphorus.  Carbon. 

.037                 .023  .67 

.028                  .023  .72 

.030                  .023  .72 

.026                 .023  .72 

.027                 .024  .74 


DROP   TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent  s-et,  head 1.30  in.  1.47  in.             1.67  in. 

Permanent  set,  base 1.22  in.  1.36  in.            1.58  In. 

Elongation  on  Base. 
Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in. 


15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1.05  in. 
1.04  in. 
1.02  in. 


.98  in. 
.98  in. 
.94  in. 


1.03  in. 

1.04  in. 
1.07  in. 


.97  in. 
.94  in. 
.94  in. 


1.05  in.     1.04  in.     1.06  in.     1.02  in.  6.25  in.  equals  .25  in. 

1.06  in.     1.05  in.     1.06  in.     1.02  in.  6.27  in.  equals  .27  in. 
1.06  in.     1.07  in.     1.05  in.     1.05  in.  6.32  in.  equals  .32  in. 

.95  in.  5.67  in.  equals  .23  in. 

.94  in.  5.72  in.  equals  .28  in. 

.95  in.  5.64  in.  equals  .36  in 


Contraction  on   Head. 
.94  in.       .98  in.       .95  in. 
.95  in.       .96  in.       .95  in. 
.95  in.       .93  in.       .93  in. 


Table  47— Melt,  P-2240. 
Position. 
Mill   report... 

Top — 1  

2 

Bottom — 1  . . . 
2  ... 


ANALYSIS. 


Manganese. 
.60 
.63 
.64 
.64 
.64 


Silicon. 
.147 


.121 


.112 


S'ulphur.  Phosphorus.  Carbon. 
.036  .029  .6.3 

.043  .030  .62 

.043  .029  .62 

.037  .026  .61 

.036  .026  .61 


DROP  TEST. 

15  ft.  Drop.  IS  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1.43  in.  1.S0  in.  2.03  in. 

Permanent  set,   base 1.3S  in.  1.70  in.  1.97  in. 


Elongation  on  Base. 
Drop.     1st  in.      2d  in.       3d  in.      4th  in.       5th  in. 
15  ft.      1.07  in.     1.05  in.     1.07  in.     1.05  in.     1.07  in. 
18  ft.      1.08  in.     1.06  in.     1.08  in.     1.06  in.     1.08  in. 
20  ft.      1.05  in.     1.04  in.     1.06  in.     1.08  in.     1.10  in. 

Contraction  on  Head. 
15  ft.       .96  in.       .94  in.       .96  in.       .94  in.       .97  in. 
18  ft.       .96  in.       .93  in.       .92  in.       .95  in.       .93  in. 
20  ft.       .97  in.       .95  in.       .92  in.       .95  in.       .93  in. 


6th  in.  Total  in  6  in. 

1.02  in.  6.33  in.  equals  .33  in. 

1.03  in.  6.39  in.  equals  .39  in 

1.04  in.  6.37  in.  equals  .37  in. 

.95  in.  5.72  in.  equals  .28  in. 

.93  in.  5.62  in.  equals  .38  in. 

.90  in.  5.62  in.  equals  .3S  in. 
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Table  48— Melt,   B-17549. 

Position.  Manganese. 

Mill   report 80 

Toi> — 1   81 

2 80 

Bottom— 1 80 

2 80 


ANALYSIS. 


Silicon. 


093 


084 


Sulphur.  Phosphorus.  Carbon. 

.041                 .025  .67 

.033                  .022  .74 

.035                 .026  .74 

.036                  .024  .70 

.034                  .026  .70 


Permanent  set, 
Permanent  set, 


DROP  TEST. 

15  ft.  Drop.  IS  ft.  Drop.  20  ft.  Drop. 

head 1.27  in.  1.56  in.  1.63  in. 

base 1.22  in.  1.47  in.  1.54  in. 


l  >rop. 

15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.06  in. 

1.05  in. 
1.04  in. 


.94  in. 
.97  in. 
.97  in. 


2.1  in. 
1.04  in. 

1.04  in. 
1.04  in. 


.95  in. 
.95  in. 
.96  in. 


Elongation  on  Base. 

3d  in.       1th  in.  5th  in.     6th  in. 

1.05  in.     1.05  in.  1.06  in.     1.02  in. 

1.06  in.     1.05  in.  1.07  in.     1.03  in. 
1.06  in.     1.05  in.  1.07  in.     1.03  in. 

Contraction  on  Head. 

.96  in.       .97  in.       .96  in.  .94  in. 

.95  in.       .95  in.       .94  in.  .93  in. 

.93  in.       .95  in.       .95  in.  .93  in. 


Total  in  6  in. 

6.28  in.  equals  .28  in. 
6.30  in.  equals  .30  in. 

6.29  in.  equals  .29  in. 

5.72  in.  equals  .28  in. 
5.69  in.  equals  .31  in. 
5.69  in.  equals  .31  in. 


Table  49— Melt,  E-972. 

Position.  Manganese. 

Mill    report 80 

Top— 1 79 

2 79 

Bottom— 1 81 

2 82 


ANALYSIS. 


Silicon. 


130 


130 


Sulphur.  Phosphorus.  Carbon. 

.042            '    .026  .68 

.032                 .032  .72 

.030                 .030  .72 

.030                 .031  .73 

.030                 .030  .73 


DROP  TEST. 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.27  in.  1.55  in.  1.63  in. 

Fermanent  set,   base 1.18  in.  1.46  in.  1.55  in. 


Drop. 
15  ft. 
IS  ft. 
20  ft. 

15  ft. 

IS  ft. 
20  ft. 


Elongation  on  Base. 
1st  in.       2d  in.       3d  in.       4th  in.       5th  in. 
1.05  in.     1.03  in.     1.04  in.     1.05  in.     1.05  in. 


1.02  in.     1.07  in. 


.97  in. 
.96  in. 
.96  in. 


.95  in. 
.93  in. 
.96  in. 


fith  in.     Total  in  6  in. 

1.02  in.     6.24  in.  equals  .24  In. 

1.06  in.     1.07  in.     1.06  in.     1.05  in.     6.33  in.  equals  .33  in. 
Contraction  on  Head. 
.94  in.       .97  in.       .95  in.       .95  in. 
.95  in.       .95  in.       .94  in.       .95  in. 
.93  in.       .97  in.       .93  in.       .94  in. 


5.63  in.  equals  .27  in. 

5.68  in.  equals  .32  in. 

5.69  in.  equals  .31  in. 


Table  50— Melt,  B-21437. 


ANALYSIS. 


Position. 
Mill    report.. 

Top— 1   

2   

Bottom — 1   . , 
2  ., 


Manganese. 
. ..  .77 
...  .82 
...  .85 
...  .80 
...      .83 


Sil 


con. 
119 


168 

i2i 


Sulphur.  Phosphorus.  Carbon. 

.031                  .020  .68 

.031                  .017  .73 

.031                  .018  .74 

.029                   .018  .74 

.027                  .017  .73 


DROP   TEST. 


Permanent  set,  head 

Permanent   set,   base 

Elongation 
Drop.     1st  in.       2d  in.       3d  in.       4th  in. 
15  ft.     1.05  in.     1.02  in.     1.05  in.     1.04  in. 
18  ft.     1.06  in.     1.05  in.     1.06  in.     1.04  in. 
20  ft.     1.04  in.     1.04  in.     1.06  in.     1.06  in. 

Contraction 
15  ft.  .98  in.  .95  in.  .95  in.  .97  in. 
18  ft.  .97  in.  .95  in.  .93  in.  .96  in. 
20  ft.       .98  in.      .95  in.      .93  in.      .96  in. 


15  ft.  Drop. 
..1.19  in. 
..1.14  in. 

on  Base. 
5th  in. 

1.06  in: 

1.07  in. 

1.08  in. 

on  Head. 
.97  in. 
.94  in. 
.93  in. 


IS  ft.  Drop. 
1.50  in. 
1.43  in. 


20  ft.  Drop. 
1.57  in. 
1.52  in. 


6th  in.  Total  in  6  in. 

1.02  in.  6.24  in.  equals  .24  in 

1.02  in.  6.30  in.  equals  .30  in. 

1.03  in.  6.31  in.  equals  .31  in. 


.95  in.  5.77  in.  equals  .23  in. 
.95  in.  5.70  in.  equals  .30  in. 
.94  in.     5.69  in.  equals  .31  in. 
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ANALYSIS. 
Table  51— ,Melt,  B-16470. 

Position.  Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 62  .034  .020  .63 

Top— 1 67  .029  .018  .66 

2 67  .093  .035  .017  .67 

Bottom— 1 67  .  035  .018 

2 66  .080  .033  .018  .66 

DROP   TEST. 

15  ft.  Drop.       IS  ft.  Drop.       20  ft.  Drop 

Permanent  set,   head 1.45  in.  1.73  in.  1.96  in. 

Permanent   set,   base -....1.36  in.  1.65  in.  1.S5  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.  6th  in.  Total  in  6  in. 

15  ft.     1.05  in.     1.04  in.     1.05-in.     1.04  in.     1.06  in.  1.02  in.  6.26  in.  equals  .26  in. 

IS  ft.      1.05  in      1.05  in.     1.07  in.     1.05  in.     1.07  in.  1.04  in.  6.33  in.  equals  .:'.'  in. 

20  ft.     1.07  in.     1.04  in.     1.08  in.     1.08  in.     1.0S  in.  1.03  in.  6.38  in.  equals  .38  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .93  in.       .95  in.       .95  in.       .95  in.  .93  in.  5.68  in.  equals  .32  in. 

18  ft.       .96  in.       .94  in.       .93  in.       .95  in.       .94  in.  .94  in.  5.66  in.  equals  .34  in. 

20  ft.       .96  in.       .94  in.       .92  in.       .94  in.       .93  in.  .93  in.  5.62  in.  equals  .38  in. 

ANALYSIS. 
Table  52— Melt,  E-971. 

Position                 Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 61                  .140  .036  1028  .07 

Top— 1    r 72                  .033  .031  .68 

2 70                  .1  K»  .030  .033  .72 

Bottom— 1    70      .          ....  .017  „031  .70 

2 70                  .121  .017  03:;  .73 

DROP   TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent    set,    head 1.31  in.  1.59  in.             1.75  in. 

Permanent  set,    base 1.26  in.  1.53  in.             1.67  in. 

Elongation  on   Base. 

Drop.      1st  in.       2d  in.       3d  in.       4th  in.       5th  in.  6th  in.  Total  in  6  in. 

15  ft.      1.03  in.     1.02  in.     1.05  in.     1.05  in.     1.07  in.  1.02  in.  6.24  in.  equals  .24  in. 

18  ft.     1.06  in.     1.03  in.     1.06  in.     1.06  in.     1.07  in.  1.02  in.  6.30  hi.  equals  .30  in 

20  ft.      1.06  in.     1.05  in.     1.07  in.     1.06  in.     1.0S  in.  1.02  in.  6.34  in.  equals  .34  in. 

Contraction  on  Head. 

15  ft.        .97  in.       .93  in.       .96  in.       .96  in.       .92  in.  .95  in.  5.69  in.  equals  .31  in. 

IS  ft.        .97  in.       .94  in.       .94  in.       .96  in.       .94  in.  .94  in.  5.69  in.  equals  .31  in. 

20„ft.        .96  in.       .92  in.       .96  in.       .96  in.       .93  in.  .95  in.  5.68  in.  equals  .32.  in. 

ANALYSIS. 

Table  53— Melt.  B-1754S. 

Position.               Manganese.  Silicon.  Sulphur.   Phosphorus.   Carbon. 

Mill    report 79                  .100  .041  .023  .74 

Top— 1 78                  .035  .018  .74 

2 78                  .180  .035  .025  .73 

Bottom— 1    78                  .028  .010  .72 

2 79                  .180  .030  .013  .73 

DROP   TEST. 

15  ft.  Drop.  18  ft.  Drop.  20  ft.  Drop. 

Permanent  set,  head 1.18  in.  1.37  in.            1.39  in. 

Permanent   set,   base 1.12  in.  1.27  in.             1.33  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.  Total  in  6  in. 

15  ft.      1.04  in.     1.02  in.     1.06  in.     1.04  in.     1.05  in.     1.02  in.  6.23  in.  equals  .23  in. 

18  ft.      1.06  in.     1.04  in.     1.05  in.     1.04  in.     1.06  in.     1.02  in.  6.27  in.  equals  .27  in. 

20  ft.      1.05  in.     1.03  in.     1.05  in.     1.05  in.     1.07  in.     1.02  in.  6.27  in.  equals  .27  in. 

Contraction  on  Head. 

15  ft.        .98  in.       .94  in.        .94  in.        .94  in.       .95  in.  .94  in.  5.69  in.  equals  .31  in. 

18  ft         .97  in.       .95  in.         93  in,        .97  in.       .95  in.  .97  in.  5.74  in.  equals  .26  In. 

20  ft.        .97  in.       .95  in.        .93  in.        .96  in.       .94  in.  .95  in.  5.70  in.  equals  .30  in. 
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BETHLEHEM     STEEL    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
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ANALYSIS. 


Table  54— Melt,   B-20426. 


Position. 
Mill   report.. 

Top— 1   

2 

Bottom — I   . 


Manganese. 
. . .      .80 
...      .80 
...      .80 


Silicon. 
.183 


.187 


77 


.168 


Sulphur.  Phosphorus.  Carbon. 

.041                 .022  .69 

.033                  .023  .74 

.032                  .022  .75 

.023                  .018  .69 

.023                  .021  .70 


DROP  TEST. 


Permanent 
Permanent 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

1.22  in.             1.50  in.             1.66  in. 

1.16  in.             1.41  in.             1.61  in. 

Elongation  on  Base. 

Drop. 
15  ft. 
18  ft. 
20  ft. 

1st  in. 

1.04  in. 
1.06  in. 

1.05  in. 

2d  in. 
1.03  in. 
1.03  in. 
1.05  in. 

3d  in. 
1.04  in. 

1.06  in. 

1.07  in. 

4th  in.       5th  in.     6th  in. 
1.04  in.     1.06  in.     1.02  in. 

1.04  in.     1.07  in.     1.03  in. 

1.05  in.     1.0S  in.     1.02  in. 

Total  in  6  in. 
6.23  in.  equals  .23  in. 
6.29  in.  equals'  .29  in. 
6.32  in.  equals  .32  in. 

Contraction  on  Head. 

15  ft. 
18  ft. 
20  ft. 

.97  in. 
.98  in. 
.96  in. 

.95  in. 
.95  in. 
.93  in. 

.94  in. 
.93  in. 
.94  in. 

.96  in.       .97  in.       .96  in. 
.95  in.       .95  in.       .94  in. 
.93  in.       .95  in.       .95  in. 

5.75  in.  equals  .25  in. 
5.70  in.  equals  .30  in. 
5.66  in.  equals  .34  in. 

Table 

55— Melt 

B-16469. 

ANALYSIS. 

Position. 

Top — 1  

2  

2  

Manganese.     Silicon.         Sulphur. 
.74                 .083                 .040 

.75                 .027 

.80                 .121                 .028 
.97                  .020 

..      .97                  .112                  .031 

Phosphorus.  Carbon. 
.023                 .70 
.021                 .70 
.025                 .73 
.026                 .80 
.026                  .82 

DROP  TEST. 

Permanent 
Permanent 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

1.23  in.             1.50  in.             1.64  in. 

1.20  in.             1.44  in.             1.52  in. 

Elongation  on  Base. 

Drop. 
15  ft. 
18  ft. 
20  ft. 

1st  in. 
1.02  in. 
1.06  in. 
1.05  in. 

2d  in. 
1.06  in. 
1.05  in. 
1.03  in. 

3d  in. 
1.04  in. 

1.06  in. 

1.07  in. 

4th  in.       5th  in.     6th  in. 
1.05  in.     1.06  in.     1.03  in. 

1.04  in.     1.06  in.     1.02  in. 

1.05  in.     1.07  in.     1.03  in. 

Total  in  6  in. 
6.26  in.  equals  .26  in 

6.29  in.  equals  .29  in 

6.30  in.  equals  .30  in 

Contraction  on  Head. 

15  ft. 
18  ft. 
20  ft. 

.97  in. 
.96  in. 
.96  in. 

.97  in. 
.92  in. 
.94  in. 

.93  in. 
.97  in. 
.94  in. 

.95  in.       .94  in.       .96  in. 
.92  in.       .96  in.       .97  in. 
.95  in.       .93  in.       .95  in. 

5.72  in.  equals  .28  in 
5.70  in.  equals  .30  in 
5.67  in.  equals  .33  In 

ANALYSIS. 


Table  56— Melt.   B-16468. 

Position.  Manganese. 

Mill   reDort 72 

Top— 1 68 

2 68 

Bottom— 1 67 

2 67 


Silicon. 
.136 


.102 
!o93 


Sulohur.  Phosphorus.  Carbon. 

.037                  .028  .64 

.042                  .022  .60 

.041                  .022  .64 

.037                  .021  .63 

.039                 .022  .63 


DROP  TEST. 


p 

;rmanent 
irmanent 

set,  he 
set,  ba 

id                 

15  ft.  Drop.      IS  f 
.   1.58  in.             1 

t.  Drop. 
92  in. 
80  in. 

20  ft.  Dron. 
2.30  in. 

p 

. .1.50  in.             1 

2.16  in. 

Elongation 

on  Base. 

Drop. 
15  ft. 
IS  ft. 
20  ft. 

1st  in. 
1.06  in. 

1.03  in. 

1.04  in. 

2d  in. 
1.04  in. 

1.08  in. 

1.09  in. 

3d  in.       4th  in. 
1.08  in.     1.04  in. 
1.06  in.     1.07  in. 
1.08  in.     1.09  in. 

5th  in.     6th  in. 

1.06  in.     1.04  in. 
1.05  in.     1.06  in. 

1.07  in.     1.08  in. 

Total  in  6  in. 
6.32  in.  equals  .32  in. 
6.35  in.  equals  .35  in 
6.45  in.  equals  .45  in. 

Contraction 

on  Head. 

15  ft. 
18  ft. 

20  ft. 

.95  in. 
.93  in. 
.93  in. 

.93  in. 

.93  in. 
.93  in. 

.93  in.       .93  in. 
.93  in.       .93  in. 
.90  in,       .93  in. 

.96  in.       .95  in. 
.93  in.       .97  in. 
,S9in.       .93  in. 

5.65  in. 
5.62  in. 
5.51  in. 

equals  .35  in. 
equals  .38  in 
equals  .49  in. 

212  DROP  TESTS  OF  RAILS. 

BETHLEHEM     STEEL    COMPANY. 

85-lb.  A.  S.  C.  E.  Section  Rail— O.  H.  Steel. 
August,  1910. 

ANALYSIS. 
Table  57— Melt,  L-201S. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 79                  .154  .038  .021  .64 

Top— 1 82                 .038  .030  .68 

2 82                  .159  .043  .030  .68 

Bottom— 1 82                  .042  .020  .72 

2 82                  .159  .041  .026  .72 

DROP   TEST. 

15  ft.  Drop.      18  it.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.26  in.  1.50  in.  1.63  in. 

Permanent  set,   base 1.19  in.  1.44  in.  1.54  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.04  in.     1.02  in.     1.05  in.     1.05  in.  1.05  in.     1.02  in.  6.23  in.  equals  .23  in. 

18  ft.      1.06  in.     1.04  in.     1.06  in.     l."06  in.  1.06  in.     1.02  in.  6.30  in.  equals  .30  in. 

20  ft.     1.05  in.     1.05  in.     1.07  in.     1.0S  in.  1.07  in.     1.03  in.  6.35  in.  equals  .35  in. 

Contraction  on  Head. 

15  ft.        .97  in.       .96  in.       .94  in.       .97  in.       .96  in.  .94  in.  5.74  in.  equals  .26  in. 

18  ft.        .94  in.       .92  in.       .96  in.       .92  in.       .9S  in.  .96  in.  5.68  in.  equals  .32  in. 

20  ft.       .97  in.       .95  in.       .92  in.       .96  in.       .94  in.  .94  in.  5.6S  in.  equals  .32  in. 


NOTES  ON  CHEMICAL  ANALYSIS  OF  BETHLEHEM  OPEN- 
HEARTH  STEEL  RAIL  AUGUST,  1910. 

By 

J.   H.  Gibboney,  Chemist. 

N.  &  W.   standard   method  of  taking  drillings  as   shown  on  Fig.   I. 

Carbons  by  Color  Method — Standard  open-hearth  steel  rail  used  for 
comparisons. 

Heat  B- 16468— Th is  heat  uniform  and  our  results  show  close  agree- 
ment with  mill  analysis. 

Heat  16469— The  top  shows  very  close  agreement  between  our  result 
and  the  mill  analysis.  The  bottom  of  ingot  shows  a  decided  increase 
in  Manganese  and   Carbon. 

Heat  20426 — This  heat  shows  very  close  agreement  between  our  re- 
sults and  the  mill  analysis. 

Heat  L-2048— This  heat  shows  a  very  good  agreement,  the  Carbons 
in   our  results  being  slightly   higher. 

Heat  B-i 7548— This  heat  shows   very   close  agreement. 

Heat  E-971— This   heat   shows  very  good  agreement. 

Heat  B-16470— This  heat  shows  very  good  agreement. 

Heat  B-21437— This  heat  shows  very  good  agreement. 

Heat  E-972— This  heat  shows  very  good  agreement. 

Heat  B-17549— This  heat  shows  very  good  agreement. 

Heat  P-2246— This  heat  shows  very  good  agreement. 

Heat  B-19383— This  heat  shows  very  good  agreement. 
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Heat  B-20427 — This  heat  shows  much  higher  Manganese  and  Carbon 
contents  on  our  determinations.  From  physical  tests  made  it  will  be  noted 
that  this  is  the  stiffest  rail  in  the  whole  number. 

Heat  B- 16472 — This  heat  shows  very  good  agreement. 

Heat  B-20428 — This  heat  shows  very  good  agreement,  our  Carbons 
being  slightly  higher  than  the  mill. 

Taken  as  a  whole  the  above  heats  represent  very  good  steel,  and  the 
agreement  of  our  work  with  the  reported  mill  examinations  is  very  good. 


MARYLAND  STEEL  CO. 

Open-Hearth   Steel  Rail,  85-LB.  A.   S.  C.  E...  Rolled  for  the  Norfolk 

&    Western    Railway,    October,    1910 — Maryland    Steel 

Company,  Sparkows  Point,  Md. 

The  average  discard  from  blooms  averaged :  Top,  8  per  cent. ;  bot- 
tom, 7  per  cent.;  at  saws,  4  per  cent.;  total  discard  averaged  19  per  cent. 

Note. — The  test  pieces  "A"  rail  from  this  mill  were  cut  from  the 
bottom  end  of   "A"   rails,   instead   of   from   extreme  top   end. 


MARYLAND    STEEL    CO.'S     MILL — SPARROWS     POINT,    MD. 

85-lb.  A.   S.   C.  E.   Section  Rail— O.  H.   Steel. 
October,   1910. 


ANALYSIS. 

Table 

M 
A 

58— Melt 
Position. 
11     repor 

0 

0 

3446. 

Mn. 
.63 

.82 
.81 
.56 
.57 

DROP 

Si.              S. 
052          .049 

.067 
038          .077 

.055 
038          .055 

TEST. 

P. 
.012 
.012 
.010 
.010 
.010 

C. 

.66 

.66 

.72 

.63 

.64 

Cr. 

.17 

Ni. 
.48 

D 

Permanent 
Permanent 

15  ft.  Drop 
1.33  in. 
1.31  in. 

.      18  ft 
1. 
1. 

.  Drop. 
47  in. 
11  in. 

20  ft. 

1.52 
1.43 

Drop, 
in. 
in. 

Contraction  on  Head. 

Drop. 
15  ft. 
18  ft. 

20  ft. 

1st  in. 

1.03  in. 

1.04  in. 
1.04  in. 

2d  in. 
1.04  in. 
1.04  in. 
1.04  in. 

3d  in. 
1.04  in. 
1.07  in. 
1.06  in. 

4th  in. 
1.05  in 

1.05  in 

1.06  in 

5th  in.     6th  in. 

1.06  in.     1.02  in. 
.     1.05  in.     1.01  in. 

1.07  in.     1.03  in. 

Total  in  6  in. 
6.24  in.  equals 
6.26  in.  equals 
6.30  in.  equals 

24  in. 
.26  in. 
30  in. 

Contraction  on  Head. 

15  ft. 
18  ft. 
20  ft. 

.96  in. 
'.95  in. 
.98  in. 

.96  in. 
.95  in. 
.90  in. 

.95 
.96 
.93 

in. 

in. 
in. 

.96  in 
.93  in 
.97  in 

.92  in. 
.98  in. 
.94  in. 

.96  in. 
.96  in. 
.94  in. 

5.71  in. 
5.73  in. 
5.71  in. 

equals 
equals 
equals 

.29  in. 
27  in. 
.29  in. 
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MARYLAND    STEEL    CO.  S     MILL — SPARROWS     POINT,    MD. 

85-lb.  A.  S.  C.  E.   Section  Rail— O.  H.   Steel. 
October,  1910. 


Table  59— Melt 

2488. 

ANALYSIS. 

Position. 

A    rail — 1 

2 

D    rail— 1 

,2 

Mn.         Si.             S. 
.69          .056          .033 

.67          075 

.73          .037          .093 

.69          060 

.73          .038          .060 

P.           C. 

.010         .73 
.020          .61 
.023          .64 
.010          .66 
.011          .67 

Cr.         Ni. 
.38         .55 

DROP   TEST. 

Permanent 
Permanent 

15  ft.  Drop 

1.04  in. 

1.00  in. 

18  ft.  Drop. 
1.28  in. 
1.22  in. 

20  ft.  Drop. 
1.74  in. 
1.65  in. 

El 

ongation   on   Base. 

Drop.     1st  in. 
15  ft.     1.02  in. 
18  ft.     1.05  in. 
20  ft.     1.07  in. 

2d  in. 
1.02  in. 

1.04  in. 

1.05  in. 

3d  in. 
1.02  in. 
1.05  in. 
1.07  in. 

4th  in.       5th  in.     6th 
1.05  in.     1.04  in.     1.02 
1.05  in.     1.07  in.     1.03 
1.05  in.     1.07  in.     1.03 

in.     Total  in  6  in. 
in.     6.17  in.  equals  .17  in. 
in.     6.29  in.  equals  .29  in. 
in.     6.34  in.  equals  .34  in. 

Contraction  on  Head. 

15  ft.       .98  in. 
18  ft.       .97  in. 
20  ft.       .97  in. 

.96  in. 
.96  in. 
.93  in. 

.96 
.94 
.95 

in. 
in. 

in. 

.94  in.       .96  in. 
.94  in.       .97  in. 
.93  in.     '  .94  in. 

.93 
.95 
.96 

in.     5.73  in. 
in.     5.73  in. 
in.     5.68  in. 

equals  .27  in. 
equals  .27  in. 
equals  .32  in. 

Table  60— Melt 

,   4203. 

ANALYSIS. 

Position. 

2 

Mn.         Si.             S. 
.61         .050         .033 

.65          049 

.65          .038          .063 

.60          049 

.60          .039          .056 

P.           C. 

.010          .62 
.010          .62 
.011         .63 
.010         .60 
.010          .60 

Cr.         Ni. 
.25          .51 

2. 

DROP    TEST. 

Permanent 
Permanent 

15  ft.  Drop 

1.42  in. 

1.38  in. 

18  ft.  Drop. 
1.68  in. 
1.36  in. 

20  ft.  Drop. 
1.96  in. 
1.83  in. 

Elongation   on   Base. 

Drop.     1st  in. 
15  ft.     1.02  in. 
18  ft.     1.05  in. 
20  ft.     1.05  in. 

2d  in. 
1.05  in. 
1.04  in. 
1.04  in. 

3d  in. 
1.03  in. 
1.07  in. 
1.05  in. 

4th  in.       5th  in.     6th 
1.06  in.     1.05  in.     1.05 
1.05  in.     1.08  in.     1.02 
1.09  in.     1.08  in.     1.04 

in.     Total  in  6  in. 
in.     6.26  in.  equals  .26  in. 
in.     6.31  in.  equals  .31  in. 
in.     6.35  in.  equals  .35  in. 

Contraction  on  Head. 

15  ft.       .98  in. 
18  ft.       .97  in. 
20  ft.       .97  in. 

.96  in. 
.96  in. 
.94  in. 

.95 
.94 
.93 

in. 
in. 

in. 

.95  in.       .97  in. 
.93  in.       .97  in. 
.92  in.       .96  in. 

ANALYSIS. 

.93 
.93 

.91 

in.     5.74  in. 
in.     5.70  in. 
in.     5.63  in. 

equals  .26  in. 
equals  .30  in. 
equals  .37  in. 

Table   61— Melt,    24S7. 
Position. 

2 

2 

Mn.  .      Si.             S. 
.64          .050          .037 

.65         079 

.67          .037         .087 

.67         049 

.67          .037          .051 

DROP    TEST. 

P.           C. 

.018         .65 
.017         .63 
.023          .64 
.012         .64 
.012          .64 

Cr.         Ni. 
.71         .50 

Permanent 
Permanent 

15  ft.  Drop 

1.06  in. 

1.02  in. 

18  ft.  Drop. 
1.24  in. 
1.22  in. 

20  ft.  Drop. 
1.80  in. 
1.66  in. 

Elongation   on   Base. 

Drop.      1st  in. 
15  ft.     1.04  in. 
18  ft.     1.07  in. 
20  ft.     1.04  in. 

2d  in. 

1.03  in. 

1.04  in. 
1.04  in. 

3d  in. 
1.04  in. 

1.06  in. 

1.07  in. 

4th  in.       5th  in.     6th 
1.05  in.     1.07  in.     1.02 
1.03  in.     1.06  in.     1.02 
1.07  in.     1.08  in.     1.03 

in.     Total  in  6  in. 
in.     6.25  in.  equals  .25  in. 
in.     6.28  in.  equals  .28  in. 
in.     6.33  in.  equals  .33  in. 

Contraction  on  Head. 

15  ft.       .98  in. 
18  ft.       .95  in. 
20  ft.      .97  in. 

.96  in. 
.93  in. 
.95  in. 

.92 
.97 
.92 

in. 
in. 

in. 

.97  in.       .95  in. 
.92  in.       .98  in. 
.95  in.       .94  in. 

.95 

.98 
.93 

in.     5.73  in. 
in.     5.73  in. 
in.     5.66  in. 

equals  .27  in 
equals  .27  in. 
equals  .34  in. 
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MARYLAND    STEEL    CO.  S     MILL — SPARROWS     POINT,     MD. 

85-lb.  A.   S.   C.  E.   Section   Rail— O.  H.    Steel. 
October,   1910. 


ANALYSIS. 


Table  62— Melt,   522S. 
Position. 

Mill     report 

A    rail— 1 

2 

D    rail— 1 


Mn. 

.65 

.62 

.67 

.62 

.62 


Si. 
052 


055 
047 


S. 
.042 
.065 
.079 
.059 
.060 


P. 

.022 
.017 
.030 
.016 
.016 


C. 

.64 

.64 

.73 

.64 

.64 


Permanent  set. 
Permanent   set, 


DROP    TEST. 

15  ft.  Drop. 

head 1.26  in. 

base 1.19  in. 

Elongation   on   Base. 


18  ft.  Drop. 
1.43  in. 
1.35  in. 


Cr. 
40 


20  ft.  Drop 
1.66  in. 
1.51  in. 


Drop. 
15  ft. 
IS  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 

1.05  in. 
1.03  in. 

1.06  in. 

.96  in. 
.9S  in. 
.96  in. 


2d  in. 

1.04  in. 

1.05  in. 
1.04  in. 


.94  in. 
.91  in. 

.95  in. 


3d  in. 
1.05  in. 
1.05  in. 
1.07  in. 


4th  in. 

1.05  in. 

3.06  in. 
1.06  in. 


5th  in. 
1.06  in. 
I.04  in. 
1.08  in. 


6th  in. 
1.02  in. 
1.06  in. 
1.02  in. 


Contraction  on  He,ad. 
.95  in.       .94  in.       .97  in.       .97  in. 
.97  in.       .96  in.       .94  in.       .96  in. 
.92  in.       .95  in.       .95  in.       .95  in. 


Total  in  6  in. 
6.27  in.  equals  .27  in. 
6.29  in.  equals  .29  in. 
6.33  in.  equals  .33  in. 

5.73  in.  equals  .27  in. 
5.72  in.  equals  .28  in*. 
5.68  in.  equals  .32  in 


ANALYSIS. 


Table  63-^Melt,   15C 
Position. 
Mill     report.  . . 

A     rail— 1 

2 

D     rail — 1 

2 


Mn. 

.78 

.67 

.09 

.67 

.67 


Si. 
053 


03S 
038 


S. 
.048 
.057 
.057 
.045 
.059 


P. 
.014 
.020 
.019 
.014 
.019 


C. 
.63 

.61 
.63 
.63 
.64 


Cr. 

48 


Ni 

44 


Drop. 
15  ft. 
IS  ft. 
20  ft. 


15  ft. 
18  ft. 

20  ft. 


DROP    TEST. 

15  ft.  Drop 

Permanent  set,  head 1 .  10  in. 

Permanent   set.    base 1.03  in. 

Elongation 
2d  in.       3d  in.       4th  in. 
1.03  in.      1.04  in 
1.05  in.     1.07  in.     1.03  in. 
1.05  in.     1.06  in.     1.05  in. 

Contraction  on  Head 
.94  in.       .97  in.       .97  in. 
.93  in.       .97  in.       .94  in. 
.93  in.       .95  in.       .96  in. 


18  ft.  Drop. 
1.34  in. 
1.28  in. 


20  ft.  Drop. 
1.46  in. 
1.39  in. 


1st  in. 

1.05  in. 
1.03  in. 

1.06  in. 


on   Base. 
5th  in.     6th  in. 

1.07  in. 

1.08  in. 
1.06  in. 


1.02  in. 

1.02  in. 

1.03  in. 


.97  in. 
.97  in. 
.96  in. 


.95  in. 
.95  in. 
.93  in. 


.96  in. 
.96  in. 
.97  in. 


Total  in  6  in. 
6.26  in.  equals  .26  in. 
6.2S  in.  equals  .28  in. 
6.31  in.  equals  .31  in. 

5.76  in.  equals  .24  in. 
5.72  in.  equals  .28  in. 
5.70  in.  equals  .30  in. 


ANALYSIS. 


Table  64— Melt,   5229. 
Position.    . 

Mill     report 

A    rail — 1 

2 

D    rail — 1 

2 


Mn. 

.63 

.60 

.60 

.62 

.62 


Si. 

050 


03S 
046 


S. 
.037 
.051 
.053 
.033 
.045 


P. 
.010 
.010 

.010 
.010 
.011 


c. 

.65 
.63 
.65 
.62 
.64 


Cr. 

40 


Ni. 
52 


DROP    TEST. 


15  ft.  Drop.      18  ft.  Drop. 

Permanent  set,   head broke  1.44  in. 

Permanent   set,   base 1.38  in. 


20  ft.  Drop. 
1.60  in. 
1.49  in. 


Drop. 
15  ft. 
18  ft. 

20  ft. 


15  ft. 
IS  ft. 
20  ft. 


1st  in.       2d  in. 


Elongation   on   Base. 
3d  in.       4th  in.       5th  in.     6th  in. 


1.05  in. 
1.03  in. 


.95  in. 
.98  in. 


1.03  in. 
1.06  in. 


.95  in. 
.98  in. 


1.05  in. 
1.05  in. 


1.06  in. 
1.05  in. 


1.05  in. 
1.07  in. 


1.03  in. 

1.04  in. 


Contraction  on  Head. 


.94  in. 
.95  in. 


.98  in. 
.93  in. 


.95  in. 
.98  in. 


.93  in. 
.93  in. 


Total  in  6  in. 
broke 
6.27  in.  equals  .27  in 
6.30  in.  equals  .30  in. 

broke 
5.70  in.  equals  .30  in. 
5.75  in.  equals  .25  in. 
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DROP  TESTS  OF  RAILS. 


NOTES    ON     CHEMICAL    ANALYSIS    OF    MARYLAND    STEEL 
*  CO.'S  OPEN-HEARTH   RAIL— OCTOBER,   1910. 

By 

J.  H.  Gibboney,  Chemist. 

Melt  5228— This  melt  shows  slight  segregation  in  "A"  rail.  "D" 
rail  normal  and  agrees  very  closely  with  mill  results. 

Melt  2487 — This  melt  shows  good  agreement,  for  both  "A"  and  "D" 
rails,  with  mill  analysis.  Higher  Sulphur  is  found  than  the  figure  reported 
by  mill. 

Melt  1508 — This  melt  shows  good  agreement,  for  both  "A"  and  "D" 
rails,  with  mill  analyses.     No  segregation. 

Melt  4203 — This  melt  shows  good  agreement.    No  segregation. 

Melt  2488 — This  melt  shows«  good  agreement,  except  in  Sulphur.  No 
segregation. 

Melt  3446 — This  melt  shows  good  agreement,  except  as  to  Manganese, 
in  "A"  and  "D"  rail. 

Melt  5229 — This  melt  shows  good  agreement.     No  segregation. 


ILLINOIS   STEEL  COMPANY— GARY  MILL. 


100-lb.  A.  R.  A.  Section,  Type  B.— O.  H.  Steel  Rails. 
November,  1910. 

ANALYSIS. 
Table  65— Melt,  55497. 

Position                Manganese.     Silicon.         Sulphur.  Phosphorus.  Carbon. 
**    -Port.' 67  .170  .053  .035  .67 

-2 '.'.'.'.'.'.      '.72  .i96  .048  .034  .63 

1*"    '  ...      .73  .047  .035  .65 

2.".". 73  .159  .048  .035  .66 

DROP    TEST. 

15  ft.  Drop.      IS  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.54  in.  1.33  in.  1.86  in. 

Permanent  set,   base 1.45  in.  1.28  in.  1.76  in. 

Elongation  on  Base. 

Drop  1st  in.  2d  in.  3d  in.  4th  in.  5th  in.  6th  in.  Total  in  6  in. 

15  ft '  1  02  in.  1.02  in.  1.03  in.  1.05  in.  1.05  in.  1.05  in.  6.22  in.  equals  .22  in. 

18  ft'  l'03in  1.05  in.  1.03  in.  1.05  in.  1.03  in.  1.04  in.  6.23  in.  equals  .23  in. 

20  ft".  l!oi  in.  1.04  in.  1.05  in.  1.05  in.  1.05  in.  1.04  in.  6.27  in.  equals  .27  in. 

Contraction  on  Head. 

15  ft         97  in.       .97  in.       .95  in.       .95  in.       .96  in.       .95  in.     5.75  in.  equals  .25  in. 

1  18  ft'       '97  in.        96  in.       .96  in.       .97  in.       .93  in.       .95  in.     5.74  in.  equals  .26  in. 

20  ft'        97  in        .92  in.       .93  in.       .97  in.       .90  in.       .93  in.     5.62  in.  equals  .3S  in. 


DROP  TESTS  OF  RAILS. 
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ILLINOIS   STEEL  COMPANY — GARY    MILL. 


ioo-lb.  A.  R.  A.  Section,  Type  B.— 0;  H.  Steel  Rails. 

November,  1910. 

ANALYSIS. 
Table  66— Melt,  49520. 

Position.                Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 64  .200  .051  .040  .62 

1 66  .051  .049  .60 

2 70  .194  .069  .055  .62 

1 65  .065  .055  .60 

2 68  .157  .067  .055  .62 

DROP    TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.36  in.  1.50  in.  1.62  in. 

Permanent  set,    base 1.37  in.  1.40  in.  1.60  in. 

Elongation  on  Base. 
Drop.      1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     Total  in  6  in. 
15  ft.     1.03  in.     1.03  in.     1.04  in.     1.03  in.     1.05  in.     1.04  in.     6.22  in.  equals  .22  In 
18  ft.     1.04  in.     1.03  in.     1.02  in.     1.05  in.     1.03  in.     1.04  in.     6.21  in.  equals  .21  in 
20  ft.     1.03  in.     1.03  in.     1.05  in.     1.06  in.     1.05  in.     1.05  in.     6.27  in.  equals  .27  in. 

Contraction  on  Head. 

15  ft.       .97  in.       .95  in.       .93  in.       .97  in.       .96  in.      '.94  in.  5.72  in.  equals  .28  in. 

18  ft.       .97  in.       .97  in.       .91  in.       .97  in.       .97  in.       .92  in.  5.71  in.  equals  .29  in. 

20  ft.       .97  in.       .94  in.       .92  in.       .96  in.       .96  in.       .92  in.  5.67  in.  equals  .33  in. 

ANALYSIS. 
Table   67— Melt,   47489. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 70                  .150  .037  .027  .69 

1 65                  .045  .032  .62 

2 67                  .185  .066  .045  .68 

1 68                  .070  .051  .67 

2 68                 .200  .072  .053  .67 

DROP    TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.38  in.  1.62  in.  1.91  in. 

Permanent  set,   base 1.31  in.  1.53  in.  1.84  in. 

Elongation  on  Base. 

Drop.     1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.05  in.     1.04  in.     1.03  in.     1.03  in.  1.07  in.     1.03  in.  6.25  in.  equals  .25  in 

IS  ft.     1.0S  in      1.03  in.     1.06  in.     1.04  in.  1.06  in.     1.04  in.  6.31  in.  equals  .31  in 

20  ft.     1.06  in.     1.04  in.     1.05  in.     1.06  in.  1.07  in.     1.04  in.  6.32  in.  equals  .32  in. 

Contraction  on  Head. 

15  ft.       .94  in.       .95  in.       .96  in.       .95  in.       .97  in.  .96  in.  5.73  in.  equals  .27  in. 

18  ft.       .93  in.       .93  in.       .96  in.       .92  in.       .94  in.  .97  in.  5.65  in.  equals  .35  in. 

20  ft.       .93  in.       .91  in.       .96  in.       .93  in.       .92  in.  .96  in.  5.61  in.  equals  .39  in. 

ANALYSIS. 
Table  68— Melt,   48474. 

Position.  Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 66  .200  .044  .031  .62 

1 73  .049  .042  .66 

2 76  .168  .065  .047  .78 

1 73  .057  .040  .66 

2 72  .206  .054  .039  .66 

DROP    TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.34  in.  1.45  in.  1.70  In. 

Permanent  set,  base 1.29  in.  1.40  in.  1.62  in. 

Elongation   on  Base. 
Drop.      1st  in.       2d  in.       3d  in.       4th  in.       5th  in.     6th  in.     TotaLin  6  in. 
15  ft.     1.04  in.     1.02  in.     1.05  in.     1.03  in.     1.04  in.     1.04  in.     6.22  m.  equals  .22  in. 
18  ft.     1.05  in.     1.03  in.     1.04  in.     1.03  in.     1.06  in.     1.03  in.     6.24  in.  equals  .24  in. 
20  ft.     1.04  in.     1.04  in.     1.05  in.     1.06  in.     1.04  in.     1.06  in.     6.29  in.  equals  .29  in. 

Contraction  on  Head. 

15  ft.       .96  in.       .94  in.       .98  in.       .93  in.       .95  in.  .98  in.  5.74  in.  equals  .26  in. 

IS  ft.       .96  in.       .95  in.       .97  in.       .92  in.       .96  in.  .97  in.  5.73  in.  equals  .27  in. 

20  ft.       .96  in.       .93  in.       .92  in.       .97  in.       .92  in.  .94  in.  5.64  in.  equals  .36  in. 
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DROP  TESTS  OF  RAILS. 


ILLINOIS   STEEL  COMPANY — GARY    MILL. 


ioo-lb.  A.   R.  A.  Section,  Type  B.— O.  H.  Steel  Rails. 
November,  1910. 


ANALYSIS. 


Table  69— Melt,  48473. 

Position.  Manganese. 

Mill    report 57 

1 65 

2 73 

1 55 

2 56 


lirrm. 
160 


147 


Sulphur.  Phosphorus.  Carbon. 
.036  .020  .66 

.051  .050  .62 

.087  .078  .76 

.049  .034  .68 

.049  .035  .68 


DROP    TEST. 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,   head 1.24  in.  1.45  in.  1.84  in. 

Permanent   set,   base 1.18  in.  1.40  in.  1.S8  in. 


Drop. 
15  ft. 
18  ft. 
20  ft. 


15  ft. 
18  ft. 
20  ft. 


1st  in. 

1.03  in. 

1.04  in. 
1.04  in. 


.98  in. 
.95  in. 
.96  in. 


2d  in. 
1.02  in. 

1.05  in. 

1.06  in. 


.96  in. 

.92  in. 
.95  in. 


Elongation  on   Ease. 

3d  in.       4th  in.  5th  in.     fith  in. 

1.03  in.     1.03  in.  1.05  in.     1.03  in. 

1.05  in.     1.03  in.  1.05  in.     1.05  in. 

1.05  in.  >1.06  in.  1.06  in.     1.07  in. 

Contraction  on  Head. 

.96  in.       .95  in.  .95  in.       .97  in. 

.97  in.       .95  in.  .93  in.       .98  in. 

.90  in.       .95  in.  .94  in.       .93  in. 


Total  in  6  in. 
6.19  in.  eqtials  .19  in. 
6.27  in.  equals  .27  in. 
6.34  in.  equals  .34  in. 


5.77  in.  equals  .23  in. 
5.70  in.  equals  .30  in. 
5.63  in.  equals  .37  in. 


ANALYSIS. 


Table  70— Melt,  52505. 
Positirn. 
Mill    report 


Manganese. 
. ..  .68 
73 
.  .  '  .'73 
. ..  .73 
. ..      .73 


lieoj 
ISO 


121 

119 


Sulphur.  Phosphorus.  Carbon. 

.033                   .029  .70 

.039                 .034  .68 

.036                  .034  .72 

.047                  .033  .70 

.047                  .033  .69 


DROP    TEST. 


Permanent 
Permanent 

set,    base 

15  ft.  Drop.       18  ft.  Drop. 

1.22  in.             1.40  in. 
..1.16  in.             1.31  in. 

20  ft.  Drop 
1.S2  in. 
1.70  in. 

Elongation 

on  Base. 

Drop. 
15  ft. 
IS  ft. 
20  ft. 

1st  in. 
1.05  in. 
1.04  in. 
1.03  in. 

2d  in. 
1.02  in. 

1.05  in. 

1.06  in. 

3d  in.       4th  in. 
1.06  in.     1.03  in. 
1.04  in.     1.04  in. 
1.04  in.     1.05  in. 

5th  in.     6th  in. 
1.05  in.     1.03  in. 

1.03  in.     1.05  in. 

1.04  in.     1.06  in. 

Total  rn  6  in. 

6.24  in.  equals  .24  in 

6.25  in.  equals  .25  in 
6.28  in.  equals  .28  in 

Contraction 

on    Head. 

15  ft. 

18  ft. 
20  ft. 

.98  in. 
.96  in. 
.95  in. 

.92  in. 
.92  in. 
.92  in. 

.96  in.       .93  in. 
.93  in.       .97  in. 
.95  in.       .96  in. 

.96  in.       .97  in. 
.92  in.       .97  in. 
.90  in.       .96  in. 

5.72  in. 
5.67  in. 
5.64  in. 

equals  .28  in 
equals  .33  in 
equals  .36  in 

ANALYSIS. 
Table  71— Melt,  45526. 

Position.  Manganese.     Silicon. 

Mill    report 67  .200 

1 72 

2 77  .168 

1 57 

2 62  .102 

DROP  TEST. 


Sulphur.  Phosphorus.  Carbon. 

.043                  .033  .70 

.047                   .043  .68 

.077                   .072  .92 

.039                   .034  .62 

.045                  .035  .66 


Permanent 

Permanent 

15  ft.  Drop.      18  ft.  Drop. 

1.12  in.             1.38  in. 
..1.12  in.             1.30  in. 

20  ft.  Drop 
1.71  in. 
1.64  in. 

Elongation 

on    Base. 

Drop. 
15  ft. 
18  ft. 
20  ft. 

1st  in. 
1.04  i#. 
1.04  in. 
1.02  in. 

2d  in. 

1.02  in. 

1.03  in. 
1.06  in. 

3d  in.       4th  in. 

1.04  in.     1.03  in. 

1.05  in.     1.04  in. 

1.06  in.     1.06  in. 

5th  in.     6th  in. 
1.03  in.     1.04  in. 
1.03  in.     1.02  in. 
1.03  in.     1.02  in. 

Total  in  6  in. 

6.20  in.  equals  .20  in 

6.21  in.  equals  .21  in. 
6.25  in.  equals  .25  in. 

Contraction 

on    Head. 

15  ft. 
18  ft. 
20  ft. 

.98  in. 
.97  in. 
.94  in. 

.93  in. 
.97  in. 
.93  in. 

.97  in.       .96  in. 
.91  in.       .98  in. 
.97  in.       .92  in. 

.94  in.       .96  in. 
.96  in.       .97  in. 
.95  in.       .97  in. 

5.74  in. 

r>.76  in 
5.6S  in. 

equals  .26  ill 
equals  .24  in 
equals  .32  in 

DROP  TESTS  OF  RAILS. 


219 


ILLINOIS   STEEL   COMPANY — GARY    MILL. 


ioo-lb.  A.   R.  A.  Section,  Type  B.— O.  H.  Steel  Rails. 
November,  igio. 


ANALYSIS. 


Table  72— Melt,   54499. 
Position. 

Mill    report 

1 

2 

1 


Manganese. 
. ..      .80 
. ..      .80 
. ..      .85 
. ..      .83 


Silicon. 
.200 


.243 
1196 


Sulphur.  Phosphorus.  Carbon. 


.046 
.051 
.067 
.057 
.069 


.040 
.045 
.052 
.050 
.054 


73 
.68 
.72 
.72 
.72 


DROP   TEST. 


Permanent  set,   head. 
Permanent    set,   base. 


Drop. 
J  5  ft. 
1 8  ft. 
20  ft. 


1st  in. 

1.03  in. 
1.02  in. 

1.04  in. 


15  ft.  .96  in. 
18  ft.  .98  in. 
20  ft.       .96  in. 


2.1  in. 
1.02  in. 
1.04  in. 
1.06  in. 

.94  in. 
.97  in. 
.95  in. 


Elongation 
3d  in.       4th  in. 

1.04  in.     1.04  in. 
1.03  in.     1.03  in. 

1.05  in.     1.05  in. 

Contraction 
.96  in.  .90  in. 
.95  in.  .95  in. 
.95  in.       .95  in. 


15  ft.  Drop. 
...1.10  in. 
...1.06  in. 

on    Base. 
5th  in. 
1.05  in. 
1.03  in. 
1.02  in. 

on    Head. 
.96  in.       .98  in. 
.94  in.       .98  in. 
.92  in.       .95  in. 


18  ft.  Drop. 
1.20  in. 
1.15  in. 


20  ft.  Drop. 
1.42  in. 
1.42  in. 


6th  in. 

1.03  in. 

1.04  in. 

1.05  in. 


Total  in  6  in. 
6.21  in.  equals  .21  in. 
6.19  in.  equals  .19  in. 
6.27  in.  eouals  .27  in. 


5.76  in.  equals  .24  in. 

5.77  in.  equals  .23  in. 
5.68  in.  equals  .32  in. 


ANALYSIS. 


Table  73— Melt,  33237. 
Position, 

Mill    report 

1 

2 

1 

2 


Manganese. 
. ..      .75 
. ..      .80 


.78 


licon. 
150 


140 
12i 


Sulphur.  Phosphorus.  Carbon. 


.046 
.047 
.107 
.059 
.067 


.020 
.028 
.046 
.024 
.029 


DROP    TEST. 


15  ft.  Drop.      18  ft.  Drop. 

Permanent   set,  head 1.30  in.  1.39  in. 

Permanent   set,   base ..1.21  in.  1.35  in. 


.71 
.70 
1.04 
.68 
.72 


20  ft.  Drop. 
1.54  in. 
1.45  in. 


Elongation 


Drop. 

15  ft. 
18  ft. 
20  ft. 


1st  in. 
1.04  in. 

1.02  in. 

1.03  in. 


15  ft.  .96  in. 
18  ft.  .95  in. 
20  ft.        .95  in. 


2d  in. 
1.04  in. 
1.04  in. 
1.03  in. 


.91  in. 
.95  in. 
.92  in. 


3d  in. 

1.04  in. 

1.05  in. 

1.06  in. 


4th  in. 
1.03  in. 
1.06  in. 
1.05  in. 


on    Base. 

5th  in.     0th  in. 


1.02  in. 

1.06  in. 
1.05  in. 


1.03  in. 
1.06  in. 

1.04  in. 


Contraction  on    Head. 

.98  in.       .97  in.  .94  in.       .98  in. 

.93  in.       .98  in.  .94  in.       .93  in. 

.96  in.       .95  in.  .92  in.       .94  in. 


Total  in  6  in. 
6.20  in.  equals  .20  in. 
6.29  in.  equals  .29  in. 
6.26  in.  equals  .26  in. 


5.74  in.  equals  .26  in. 
5.68  in.  equals  .32  in. 
5.64  in.  equals  .36  in. 


ANALYSIS. 


Table  74— Melt,  53504. 

Position.  Manganese. 

Mill    report 68 

1 65 

2 71 

1 68 

2 70 


Silicon. 
.160 


.176 
!i57 


Sulphur.  Phosphorus.  Carbon. 
.047  .040  .62 

.043  .032  .70 

.055  .040  .76 

.069  .054  .64 

.067  .054  .64 


DROP  TEST 


Permanent   set, 
Permanent  set, 


15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

head 1 .  03  in.  1 .  24  in.  1 .  68  in. 

base 1.04  in.  1.18  in.  1.58  in. 


Drop. 

15  ft. 
18  ft. 
20  ft. 


15  ft. 
IS  ft. 
20  ft. 


1st  in. 

1.02  in. 
1.01  in. 

1.03  in. 


.93  in. 
.96  in. 
.98  in. 


2d  in. 
1.05  in. 
1.03  in. 
1.03  in. 


.98  in. 
.96  in. 
.96  in. 


Elongation  on    Base. 

3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

1.04  in.     1.04  in.  1.02  in.     1.02  in.  6.19  in.  equals  .19  in. 

1.07  in.     1.04  in.  1.03  in.     1.05  in.  6.23  in.  equals  .23  in. 

1.08  in.     1.03  in.  1.05  in.     1.06  in.  6.28  in.  equals  .28  in. 


Contraction  on    Head. 
.95  in.       .95  in.       .97  in. 
.92  in.       .97  in.       .96  in. 
.93  In.      .92  in.      .98  in. 


.98  in.  5.76  in.  equals  .24  in. 
.93  in.  5.70  in.  equals  .30  in. 
96  in.     5.73  in.  equals  .27  In. 
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DROP  TESTS  OF  RAILS. 


ILLINOIS   STEEL  COMPANY — GARY    MILL. 

ioo-lb.  A.   R.  A.  Section,  Type  B.— O.  H.  Steel  Rails. 

November,  igio. 

ANALYSIS. 
Table  75— Melt,  434S1. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 62                 .170  .038  .022  .66 

1 62                  .061  .040  .70 

2 62                  .168  .065  .040  .70 

1 63  .047  .037  .66 

2 65  .140  .047  .037  .66 

DROP  TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,    head 1.22  in.  1.50  in.  1.56  in. 

Permanent   set,   base 1.17  in.  1.42  in.  1.68  in. 

Elongation  on   Base. 

Drop.      1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     3.03  in.     1.05  in.     1.04  in.     1.04  in.  1.03  in.     1.03  in.  6.22  in.  equals  .22  in. 

18  ft.     1.04  in.     1.05  in.     1.04  in.     1.04  in.  1.05  in.     1.06  in.  6.28  in.  equals  .28  in. 

20  ft.     1.03  in.     1.05  in.     1.06  in.     1.05  in.  1.05  in.     1.03  in.  6.27  in.  equals  .27  in. 

Contraction  on  Head. 

15  ft.       .98  in.       .93  in.       .98  in.       .94  in.       .94  in.  .98  in.  5.75  in.  equals  .25  in. 

18  ft.        .97  in.       .92  in.       .95  in.       .97  in.       .95  in.  .96  in.  5.72  in.  equals  .28  in. 

20  ft.       .96  in.       .94  in.       .91  in.       .96  in.       .94  in.  .94  in.  5.65  in.  equals  .35  in. 

ANALYSIS. 
Table  76— Melt,  46523. 

Position.               Manganese.  Silicon.  Sulphur.  Phosphorus.  Carbon. 

Mill    report 70                 .200  .04S  .040  .6S 

1 73                  .063  .053  .72 

2 73                  .140  .085  .064  .72 

1 73                  .061  .048  .68 

2 74                  .140  .069  .048  .68 

DROP    TEST. 

15  ft.  Drop.      18  ft.  Drop.      20  ft.  Drop. 

Permanent  set,    head 1.25  in.  1.30  in.  2.02  in. 

Permanent  set,    base " 1.22  in.  1.24  in.  1.94  in. 

Elonjration  on  Base. 

Drop.      1st  in.       2d  in.       3d  in.       4th  in.  5th  in.     6th  in.  Total  in  6  in. 

15  ft.     1.03  in.     1.04  in.     1.04  in.     1.02  in.  1.04  in.     1.03  in.  6.20  in   equals  .20  in. 

18  ft.     1.02  in.     1.05  in.     1.04  in.     1.04  in.  1.06  in.     1.04  in.  6.25  in.  equals  .25  in. 

20  ft.     1.02  in.     1.04  in.     1.07  in.     1.06  in.  1.07  in.     1.06  in.  6.32  in.  equals  .32  in. 

Contraction  on  Head. 

15  ft.       .96  in.       .92  in.       .97  in.       .95  in.       .97  in.  .98  in.  5.75  in.  equals  .25  in. 

18  ft.       .98  in.       .96  in.       .92  in.       .98  in.       .94  in.  .97  in.  5.75  in.  equals  .25  in. 

20  ft.       .96  in.       .94  in.       .91  in.       .93  in.       .94  in.  .93  in.  5.61  in.  equals  .39  in. 


NOTES  ON   CHEMICAL  ANALYSIS. 

By 

J.  H.  Gibboney,  Chemist. 

Melt  47489 — The  Sulphur  and  Phosphorus,  as  determined,  show- 
slightly  higher  results. 

Melt  49520 — This  melt  shows  very  good  agreement,  our  Phosphorus 
being  slightly  higher. 

Melt  48473 — Segregation  noted  in  "A"  rail. 

Melt  53504 — Very  good  agreement,  with  slightly  higher   Carbons. 

Melt  43481 — Very  good  agreement,  except  for  higher  Sulphur  and 
Phosphorus. 

Melt  54499. — Very  good  agreement, 
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Melt  48474 — Slightly  higher  results  found  in  all  ingredients. 

Melt  45526 — Segregation  noted  in  "A"  rail.  Very  good  agreement 
in  "D"  rail. 

Melt  33237 — Segregation  noted  in  "A"  rail.  Very  good  agreement 
in  "D"  rail. 

Melt  46523 — Slight  segregation  noted  in  the  "A"  rail  in  Sulphur  and 
Phosphorus,  otherwise  very  good  agreement. 

Melt  52505 — Very  good  agreement. 

Melt  55497 — Very  good  agreement. 

Taken  as  a  whole  this  rolling  shows  up  very  well,  with  the  exception 
of  Melts  45526  and  33237,  which  showed  considerable  segregation  in  the 
"A"  rail.  All  Carbons  by  color.  N.  &  W.  Standard  method  of  drilling 
sections  for  analyses  followed,  as  per  Fig.  1.  Segregation  is  noted  in 
Melt  48473,  but  the  Carbon  did  not  make  as  great  a  jump  as  noted  in 
Melts   45526   and   33237. 


CARBON  AND  DEFLECTION  OF  RAILS  IN  DROP  TEST 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee 

This  report  covers  a  study  of  the  influence  of  carbon  on  the  deflec- 
tion of  a  rail  in  the  drop  test  and  is  based  on  the  results  of  the  drop 
tests  given  by  C.  S.  Churchill  in  Report  No.  14  to  the  Rail  Committee, 
and  which  were  made  for  him  by  J.  A.  Colby.  These  tests  were  made 
on  85-lb.  open-hearth  rails  of  the  A.  S.  C.  E.  section,  with  a  nominal 
moment  of  inertia  of  30.0,  except  those  on  the  Gary  rails,  which  were 
100-lb.  A  R  A  section  type  B.  Briefly,  it  will  be  recalled  that  three  drop 
tests  were  made  from  each  heat  selected,  one  each  at  heights  of  15  ft.,  18 
ft.  and  20  ft,  in  the  standard  rail  drop  machines  with  a  tup  of  2,000  lbs. 
spring  supported  anvil  of  10  tons  and  span  of  supports  3  ft.  The  pieces 
were  from  different  rail  bars  and  in  general  from  the  crop  end  just 
above  the  A  rail.  From  the  piece  used  for  the  15-ft.  drop,  a  small  piece 
was  cut  and  sent  to  J.  H.  Gibboney,  Chemist  Norfolk  &  Western  Rail- 
way, Roanoke,  Va.,  for  special  analysis.  From  each  piece  two  samples 
were  analyzed,  one  from  the  outer  corners  of  the  head  and  the  other 
from  the  interior  of  the  head,  as  shown  in  the  diagram  in  Report  No. 
14.  For  this  study  the  permanent  deflection  at  15  ft.  was  used  and  the 
analysis  by  Gibboney  was  used  of  the  sample  representing  the  outer  part 
of  the  section  of  the  rail  as  the  outer  fibers  have  more  influence  on  the 
deflection  than  the  interior  ones.  Only  those  results  were  used  where 
the  outer  and  the  interior  samples  show  about  the  same  composition. 

The  number  of  results  at  15  ft.  shown  in  Mr.  Churchill's  report, 
the  makers  represented  and  the  number  of  results  used  for  this  study,  are 
as  follows : 

Total  results    Results  used 
Maker.  at  15  ft.      for  this  report 

Carnegie   Steel   Co 15  12 

Pennsylvania   Steel   Co 15  none 

Tenn.   Coal,  Iron  &  R.  R.   Co 12  12 

Bethlehem   Steel    Co 15  IS 

Maryland  Steel  Co 7  none 

111.  Steel  Co. — Gary  Works 12  none 
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Of  the  15  results  of  Carnegie  rails,  three  were  discarded  on  account  of 
differences  in  chemical  results  between  the  outer  and  interior  samples. 
Of  the  15  Pennsylvania  results,  11  were  discarded  for  the  same  reason,  and 
as  the  four  remaining  results  were  too  few,  the  tests  of  rails  from  this 
mill  were  not  available  for  the  present  study.  The  tests  at  the  Mary- 
land Steel  Co.  were  made  on  rails  containing  chromium  and  nickel, 
and  were  too  few  to  be  considered  in  this  study.  Of  the  12  Gary  results 
8  were  discarded  because  of  lack  of  agreement  between  the  outer  and 
inner  portions  of  the  section,  and  the  four  remaining  were  too  few  to  be 
used. 

The  results  used  are  shown  in  tables   1,  2  and  3. 


TABLE     1— 

CARNE 

3IE     STEEL     CO. 

Table 

Defl.  15-ft. 

No. 

Melt. 

C. 

P.             Mn. 

base. 

12 

32,341 

65 

.012 

57 

i-39 

1 

35,2i8 

65 

.017 

59 

1.40 

7 

44,221 

67 

.014 

64 

I-3I 

3 

43,297 

67 

.029 

63 

1-34 

8 

33,212 

69 

.012 

67 

1.32 

2 

32,244 

70 

.032 

61 

1-33 

6 

34.227 

72 

.027 

72 

1.24 

4 

33,363 

72 

.040 

62 

1-35 

9 

45,328 

74 

.026 

64 

I.30 

5 

33,219 

75 

.010 

60 

1-35 

10 

36,223 

75 

•037 

57 

1-34 

15 

39,222 

76 

.020 

82 

1-25 

Average 

706 

.023 

64 

1.327 

TABLE    2 — T] 

:xx.    c,  1.  &  r.  r.  co 

Table 

Defl.  15-ft 

No. 

Melt. 

C. 

P.             I 

An. 

base. 

40 

60,464 

59 

.022 

66 

1.71 

37 

40,485 

61 

.029 

62 

1.60 

3i 

10,471 

62 

.025 

74 

1.56 

35 

50,464 

63 

.032 

67 

1.60 

33 

40,484 

63 

■033 

70 

1.30 

32 

60,463 

.64 

.032 

.63 

1.68 

38 

50,463 

.64 

•035 

.60 

1.83 

4i 

10,472 

•65 

.020 

.70 

1.66 

34 

50.462 

.67 

•045 

.69 

1.50 

42 

20,449 

.69 

.018 

•69 

150 

36 

10,470 

.69 

.028 

.68 

1.46 

39 

60,465 

.69 

.029 

.67 

1.44 

Average 

.646 

.029 

.67 

1.570 
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TABLE 

3 — BETHLEHEM    STEEL 

CO. 

Table 

Defl.  15-ft 

No. 

Melt. 

C.              P. 

Mn. 

base. 

56 

B-16,468 

.60                  .022 

.68 

1.50 

47 

P-2,246 

.62                  .030 

•63 

1.38 

5i 

B-16,470 

.66             .018 

.67 

1.36 

44 

B-16,472 

.68             .023 

.69 

1.23 

57 

L-2,048 

.68             .030 

.82 

1.19 

52 

E-971 

.68             .031 

.72 

1.26 

55 

B- 16,469 

.70             .021 

•75 

1.20 

43 

B-20,428 

.70             .023 

.61 

1.48 

46 

B-19,383 

.72             .023 

•79 

1.22 

49 

E-972 

.72             .032 

•79 

1.18 

50 

B-21,437 

■73              017 

.82 

1.14 

53 

B-17,548 

.74             .018 

•78 

1. 12 

48 

B-i7,549 

".74             .022 

.81 

1.22 

54 

B-20,426 

•74              -023 

.80 

1. 16 

45 

B-20,427 

.88              .023 

•93 

•97 

Average 

.706            .024 

•75 

1.241 

The  element  having  the  most  influence  on  the  deflection  is,  of  course, 
the  carbon,  and  judging  from  our  knowledge  of  the  influence  of  the 
elements  on  the  tensile  properties,  it  is  probable  that  phosphorus  exerts 
an  influence  and  perhaps  manganese  does  also.  Sulphur  need  not  be 
considered  and  probably  silicon  has  only  a  minor  influence,  if  any,  in  the 
quantities  that  exist  in  rail  steel.  At  any  rate  it  cannot  be  considered 
in  a  preliminary  investigation.  In  order  to  show  up  concisely  what  rela- 
tionships may  exist  between  carbon  and  deflection  in  the  various  lots  of 
rail  tested,  I  have  plotted  in  Fig.  1,  the  carbon-deflection  diagrams  for 
the  Carnegie,  Tennessee  and  Bethlehem  rails,  showing  the  per  cent, 
of  carbon  horizontally  and  vertically  the  permanent  deflection  of  the 
base  side  of  the  rail  under  a  15-ft.  drop.  The  deflection  of  the  head  side 
was  not  used  on  account  of  the  local  indentation  caused  by  the  tup  and  it 
was  thought  better  to  eliminate  this  feature  in  the  present  study.  In  order 
to  more  readily  and  accurately  locate  the  curves  fitting  the  plotted  points, 
those  points  representing  about  the  same  carbon  but  lying  at  opposite  sides 
of  the  "band"  of  points,  were  averaged  as  indicated  by  the  connecting 
lines  and  the  average  value  is  shown  by  a  small  circle.  In  most  cases 
the  average  is  that  of  two  points,  in  some  cases  of  three  points,  and  in 
some  other  cases  the  points  were  left  single.  In  drawing  the  deflection 
curves,  the  "average"  points  or  "centers  of  gravity"  were  given  a  weight 
according  to  the  number  of  single  points  they  represent.  A  few  points  that 
fell  entirely  out  of  their  "zone"  were  ignored  in  drawing  the  curves.  The 
curves  are  represented  as  straight  lines  and  no  attempt  at  closer  fitting 
has  been  made,  as  with  the  small  amount  of  data  in  hand  and  their  small 
range,  there  must  be  considerable  doubt  as  to  even  the  slope  of  the  line, 
let  alone  its  curvature. 
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Referring  to  Fig.  i,  it  will  be  noted  that  the  slopes  of  the  deflection 
lines  of  the  Tennessee  and  Bethlehem  rails  are  about  the  same,  but  the 
deflection  of  the  Tennessee  rails  is  over  .2  in.  more  than  that  of  the 
Bethlehem  rails ;  at  .70  per  cent,  carbon  the  Bethlehem  rails  showing 
about  1.23  in.  and  the  Tennessee  rails  about  1.44  in.  deflection.  There 
seems  not  to  be  sufficient  information  at  hand  to  explain  the  difference, 
but    among    possibilities    may    be    mentioned,    a    slight    difference    in    the 


Fig  1. 


-70 

Co.  r  b  o  n 

Carbon-Deflection   Curves. 


sections  may  have  existed,  which  would  change  the  moment  of  inertia, 
or  the  spans  of  the  supports  may  not  have  been  strictly  alike  in  both 
cases,  or  the  anvils  or  tups  or  heights  of  drop  may  have  been  somewhat 
different,  or  again  difference  in  temperature  of  rolling  may  have  produced 
the  difference  in  deflection,  or  it  may  be  due  to  some  difference  in  other 
elements  besides  carbon.  The  deflection  line  of  the  Carnegie  rails  comes 
in  between  the  other  two,  but  its  slope  is  very  much  less.  The  number 
of  points  is  small  and  although  the  line  probably  fits  the  points  actually 
in  hand  as  well  as  possible,  it  might  readily  be  changed  by  more  accurate 
or  more  extensive  information. 
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Of  course  the  deflection  lines  discussed  above  represent  the  com- 
bined effect  of  all  the  stiffening  elements,  although  the  slope  would  be 
due  to  carbon  providing  the  other  stiffening  elements  were  constant. 
In  order  to  study  the  possible  influence  of  the  phosphorus  on  the  slope  of 
the    line    I    show   in    Fig.    2    the    carbon-phosphorus    diagrams    with    the 


Drop  Tests-85l6ASCE-o.H-/5ft. 


.60  .6  5  .70 

Carbon 

Fig.  2.     Carbon-Phosphorus  Diagrams. 


.75 


carbon  plotted  horizontally  and  the  phosphorus  vertically.  Of  course 
these  diagrams  have  no  general  significance  and  are  given  simply  to 
note  whether  the  phosphorus  variations  happen  to  have  any  relation  to 
the  carbon  variations.  It  will  be  noted  that  in  the  Carnegie  and  Tennessee 
rails  the  phosphorus  at  first  has  an  upward  trend  as  the  carbon  increases 
but  toward  the  end  tends  to  drop  again,  and  the  average  differences  are 
probably  too  small  to  have  any  noticeable  influence  on  the  carbon-de- 
flection curves.  The  phosphorus  in  the  Bethlehem  rails  shows  no  relation 
to  the  carbon  content.  It  may  be  said,  therefore,  that  in  general  the 
phosphorus  variations  have  had  no  influence  on  the  slope  of  the  carbon- 
deflection  lines  shown  in  Fig.  i. 

The  carbon-manganese  diagrams  are  similarly  shown  in  Fig.  3  and 
it  seems  probable  that  in  the  Carnegie  and  Tennessee  rails  that  manganese 
has  had    no   material  influence  on  the    slope    of  carbon-deflection    curve. 
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In  the  case  of  the  Bethlehem  rails,  however,  the  general  increase  in 
manganese  is  about  equal  to  that  of  the  carbon  and  the  slope  of  the 
carbon-deflection  curve  would  be  a  result  of  the  combined  effect  of  about 
equal  amounts  of  carbon  and  manganese  above  the  starting  point  of 
.60  per  cent,  carbon.    If  manganese  has  a  marked  stiffening  effect  it  should 


SO 


65 


Drop  7e  sts-85  Cb.  ASCE-oH-/5ft. 


.80 


<U   50 
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.65  70 

C  <z  r  6  o  n 

Fig.  3.     Carbon-Manganese  Diagrams. 


show   in    a  very   steep   slope  in   the  deflection    curves    of  the   Bethlehem 
rails,  while  the  slope  is  not  quite  as  steep  as  with  the  Tennessee  rails. 

The  influence  which  the  carbon  has  on  the  deflection  as  indicated 
on  the  carbon-deflection  curves  of  Fig.  1  is  summarized  numerically  in 
table  4. 


TABLE    4 — DEFELCTION     AS     INFLUENCED     BY     CARBON. 

Carnegie.  Tennessee.  Bethlehem. 
Carbon     ....  1.70"  144" 

Carbon     1.38"  ....  .... 

Carbon     ....  i-44" 


Deflection  at    ,60% 

Deflection  at    .65% 

Deflection  at 

Deflection  at 


.70% 


5%     Carbon     1.29'' 


Difference     09"  .26" 

Average    change    with    .01% 
carbon     009"  .026" 


.32 
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It  will  be  noted  that  within  a  carbon  range  from  about  .60  per  cent, 
to  about  .7$  per  cent,  the  stiffening  effect  in  these  tests  of  a  change 
.01  per  cent,  carbon  was  about  .009  in.  for  the  Carnegie  rails,  about  .026 
in.  for  the  Tennessee  rails,  and  about  .021  in.  for  the  Bethlehem  rails, 
all  being  85-lb.  rails  of  A.  S.  C.  E.  section,  with  a  nominal  moment  of 
inertia  of  30.0.  As  explained  above,  the  phosphorus  and  manganese 
remained  in  general  about  constant  in  the  Carnegie  and  Tennessee  rails, 
but  in  the  Bethlehem  rails,  although  the  phosphorus  averaged  about 
constant,  the  carbon  change  was  accompanied  by  a  like  change  of 
manganese  and  of  a  like  amount.  The  data  at  hand  do  not  allow,  how- 
ever, of  determining  the  distribution  of  effect  between  carbon  and 
manganese. 

Very  roughly,  then,  this  investigation  indicates  that  above  .60  per  cent. 
each  .01  per  cent,  carton  increase  causes  a  decrease  of  deflection  of  base 
side  of  about  .02  in.  on  85-lb.  O.  H.  rails  of  A.  S.  C.  E.  section  whet, 
tested  in  the  standard  rail  drop  'machine  with  tup  of_  2,000  lbs.,  span  3 
ft.,  and  height  of  drop  of  15  ft. 

The  average  deflection  in  these  tests  for  .70  per  cent,  carbon  was 
about  1.35  in.  For  carbon  limits  of  .62  to  .75  per  cent.,  which  are  the  ones 
usual  in  specifications  for  open-hearth  steel  rails,  the  range  of  deflection 
due  to  carbon  alone,  these  tests  indicate  to  be  about  J4  m-  I*  w^  be 
noted  that,  although  the  Tennessee  and  Bethlehem  rails  were  nominally 
the  same  section  and  composition,  differences  existed  in  either  the  section, 
material  or  testing,  or  in  two  or  all  of  these  matters  to  make  differences 
in  deflection  for  the  same  carbon  and  about  the  same  phosphorus  and 
manganese  almost  as  great  as  the  whole  range  of  carbon  allo?r*fc^  "** 
the  same  rolling. 

DEFLECTION    FORMULA. 

The  above  study  gives  us  some  idea  of  the  quantitative  effect  of  carbon 
on  the  deflection  of  a  rail  in  the  drop  test,  but  offers  no  information  ~° 
to  the  effect  of  other  elements.  It  would  seem  desirable,  hov;~"  -;'  -• 
know  the  exact  quantitative  effect  of  each  factor  having  an  influence  CJ 
the  deflection,  so  the  information  could  be  summarized  in  one  or  more 
formulas,  and  it  is  hoped  that  experimental  work  may  be  continued  with 
this  end  in  view,  particularly  since  such  information  would  seem  vei, 
desirable  for  use  of  the  sub-committee  dealing  with  specifications. 

In  this  connection  I  wish  to  offer  some  thoughts  as  to  the  form 
the  formula  should  take.  Starting  with  soft  iron  without  any  hardening 
elements  the  deflection  under  a  given  height  of  drop  would  be  decreased 
with  each  increment  of  hardening  material.  It  would  be  increased  with 
an  increase  in  the  height  of  drop  and  decreased  with  an  increase  of  the 
moment    of   inertia    of    the    section    and,   perhaps,   temperature   of    rolling 
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should  also    be   taken  into   account.     The    formula    for   deflection   would 
then  take  the  following  form : 

d  =  (K— cC— pP— mMn)- 

where 

d  =  deflection 

K^constant  for  soft  iron 

C  =  carbon 

c  =  constant  for  carbon 

P  =  phosphorus 

p  =  constant  for  phosphorus 

Mn  =  manganese 

m  =  constant   for  manganese 

h  =  height   of   drop 

I  =  moment   of   inertia 

It  is  readily  possible  or  even  probable  that  the  constants  would  change 
with  different  classes  of  steel,  but  the  above  form  of  the  formula  would 
probably  be  suitable  for  all  of  them,  except  we  may  find  that  the  manganese 
factor  may  be  omitted  and  possibly  also  the  phosphorus  in  special  cases, 
and  again  as  stated  temperature  of  rolling  may  have  to  be  reckoned 
with.  In  experimental  work  done  for  the  purpose  of  developing  such  a 
formula,  specially  accurate  determinations  should  be  made  of  each'of  the 
factors  entering  into  it,  including  measurements  of  the  section  of  each 
piece  tested,  so  as  to  determine  its  actual  geometrical  moment  of  inertia, 
which  is  apt  to  be  overlooked,  and  material  for  test  should  be  selected, 
having  wide  ranges  in  the  various   factors. 

The  Rail  Committee  hopes  to  carry  this  work  farther  and  invite- 
suggestions  from  engineers,  metallurgists  and  others  who  may  be  interested 
in  this  work. 


Appendix   D. 

A  STUDY  OF  FORTY  FAILED  RAILS 

By  W.  C.  Cushing,  Chief  Engineer  Maintenance  of  Way, 
Pennsylvania  Lines  West  of  Pittsburgh,  Southwest  System,  Pittsburgh,  Pa. 

With  discussion  by 
M.    H,    Wickhorst,    Engineer  of   Tests,   Rail   Committee. 

This  report  covers  a  study  of  forty  rails  which  failed  in  the  main  tracks 
on  the  Southwest  System  of  the  Pennsylvania  Lines  West  of  Pittsburgh, 
during  the  year  1909.  The  detail  reports  of  the  individual  rails 
cover    in  most  cases  the  following: 

1.  A  statement  of  track  conditions. 

2.  General  photographs  of  the  failure. 

3.  Photograph  of  the  etched  section. 

4.  Microphotograph  in  some  cases. 

5.  Chemical  analysis,  from  interior  of  head. 

6.  Physical  test,  from  interior  of  head. 

The  laboratory  examinations  were  made  by  R.  W.  Hunt  &  Co. 

Mr.  Cushing  presented  his  file  to  the  Committee  on  Rail,  together  with 
a  tabulated  statement  of  the  main  results  and  a  discussion  of  "them,  dated 
February,  1910.  The  file  was  then  edited  for  publication  as  this  report  by 
M.  H.  Wickhorst,  who  also  presents  some  discussion. 

Table  1  is  a  summary  of  the  failures  classified  as  "broken  rails,"  and 
Table  2  is  a  summary  of  those  classified  as  "crushed  and  split  heads." 

DISCUSSION  BY  CUSHING. 

BROKEN  RAILS. 

(1)  Sixteen  broken  rails  of  A.  S.  C.  E.,  P.  S.  and  P.  R.  R.  sections 
were  examined,  and  thirteen  out  of  the  sixteen  were  broken  in  or  at  the 
splices. 

(2)  Of  the  thirteen  cases  of  failures  in  the  splice,  two  (Nos.  5  and  7) 
were  Weber  joints,  one  (No.  8)  Bonzano,  and  ten  six-hole  splice  bar, 
which  was  standard  at  the  time  the  rail  was  laid. 

(3)  Eight  of  these  rails  were  considerably  worn  in  the  splicing  space, 
but  the  metal  of  five  of  them  was  hard  and  brittle,  and  in  some  cases  the 
constituents  considerably  segregated. 
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(4)  The  cause  of  the  breakage  of  Nos.  14,  15  and  16  is  unknown. 
They  were  all  three  broken  at  or  in  the  splice,  and  the  track  and  roadbed 
conditions  were  good.  In  two  cases  the  ballast  is  stone,  and  in  one 
gravel.  Nos.  14  and  16  were  on  tangent,  and  15  the  low  rail  of  a  3°  and  28' 
curve  with  8-in.  elevation,  but  the  speed  at  this  point  is  high  and  the 
track  not  on  a  steep  grade.  Rail  No.  15,  being  of  the  P.  S.  section,  was 
reported  to  be  the  "C"  rail  in  the  ingot.  No.  16  is  an  open  hearth  rail 
made  by  the  Carnegie  Steel  Co.,  and  its  hardness  is  at  the  upper  limit  of 
the  specification,  but  otherwise  there  is  no  indication  of  hardness  from  the 
chemistry,  and  the  tensile  test  does  not  show  brittleness.  It  is  possible 
that  unusual  strains  were  induced  in  these  rails. 

(5)  Nos.  1  and  2  failed  from  a  lap  in  the  base,  due  to  rolling. 

RAILS    WHICH     FAILED    FROM    CRUSHED    OR    SPLIT    HEADS. 

(6)  The  results  of  the  examination  of  twenty-four  rails  of  A.  S.  C.  E., 
P.  S.,  A.  R.  A.-A  and  P.  R.  R.  sections,  which  failed  on  the  Southwest 
System  of  the  Pennsylvania  Lines  West  of  Pittsburgh  from  crushed  or  split 
heads  are  given,  and  it  will  be  noticed  that  all  of  the  failures  were  caused 
either  by  hard,  brittle,  unsound  or  segregated  material  or  a  combination  of 
two  or  more  of  them. 

(7)  Nos.  37,  17,  38  and  39  were  selected  because  of  the  long  time  it 
took  to  develop  the  split  heads,  in  spite  of  the  defective  material.  Nos.  37, 
17  and  38  are  of  85-pound  P.  R.  R.  section,  1895,  l<&9&  and  1898,  respectively, 
while  No.  39  is  85-pound  A.  S.  C.  E.  1899  rail.  It  thus  took  14  years  in 
the  first  case,  13  in  the  second,  12  in  the  third,  and  10  in  the  fourth,  to 
bring  forward  the  development  of  the  split- head  sufficiently  far  to  produce 
failure.  In  all  cases  the  track  and  roadbed  conditions  were  good  at  the 
time  of  failure,  the  ground  being  not  frozen.  The  ballast  was  gravel  in 
each   case,  and  the  track  alinement   straight. 

In  the  case  of  No.  37  the  phosphorus  is  badly  segregated,  being  .170 
at  the  place  of  analysis. 

In  the  case  of  No.  17  the  elastic  limit,  90,320  pounds  per  square  inch, 
is  very  high,  but,  in  the  case  of  single  chemical  analysis  made,  no  segre- 
gation was  shown. 

In  the  case  of  No.  38  the  metal  is  somewhat  brittle,  the  elongation 
per  cent,  in  2  ins.  being  7.00,  and  the  reduction  of  area  per  cent,  of  original 
section  6.31. 

In  the  case  of  No.  39  the  carbon  and  phosphorus  are  both  badly  seg- 
regated and  too  high  for  Bessemer  steel. 

(8)  Nos.  34,  35  and  36  are  100-pound  A.  R.  A-A  section,  Bessemer 
steel,  rolled  by  the  Carnegie  Steel  Co.  Two  of  them  were  on  the  low 
side  of  a  3°  and  30'  curve,  with  elevation  of  8  in.  in  one  case,  and  51/?  ins. 
in  the  other,  while  the  third,  No.  36,  was  on  tangent.  The  track  conditions 
were  good,  the  ballast  being  stone,  although  the  ground  was  frozen  in  the 
case  of  Nos.  35  and  36.  It  will  be  observed,  however,  that  the  material 
was  brittle  and  unsound,  being  especially  brittle  in  the  case  of  35  and  36, 
while  the  constituents  of  34  and  35  are  segregated.  The  examination, 
therefore,  shows  the  material  to  be  exceedingly  bad. 
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(9)  In  the  case  of  No.  27  the  carbon,  .841,. and  the  phosphorus,  .168, 
indicate  bad  segregation  and  are  high  figures  for  Bessemer  steel — the  man- 
ganese, at  the  same  time,  being  1.09. 

The  tensile  strength  and  the  elastic  limit  were  the  same,  being  96,990 
pounds  per  square  inch,  while  the  elongation  per  cent,  in  2  ins.  was  only 
1.00,  and  the  reduction  of  area  per  cent,  of  original  section  1.98.  This  is 
a  dreadfully  bad  material,  and  must  indicate  very  poor  practice  in  making 
ingots,  as  the  rail  in  question  is  reported  as  "G,"  although  it  is  probably  "C." 

(10)  No.  40  is  an  85-pound  A.  S.  C.  E.  Carnegie  Bessemer  rail  of 
the  year  1002,  and  shows  a  most  peculiar  fracture,  the  head  being  split 
horizontally  instead  of  vertically.  The  track  conditions  were  good  and 
the  roadbed  not  frozen,  but  a  very  peculiar  condition  in  regard  to  the 
carbon  analysis  is  noted,  the  carbon  being  only  .293  at  the  place  where 
the  sample  was  taken,  due,  probably,  to  the  presence  of  slag,  which  is  indi- 
cated by  the  etched  photograph.  It  will  also  be  noticed  that  the  elastic 
limit  is  very  high,  92,860  pounds  per  square  inch. 

(11)  The  most  peculiar  failures  of  all,  however,  are  shown  by  Nos. 
23,  24  and  25,  which  indicate  very  careless  mill  practice  at  the  Gary  mill. 
In  each  of  these  rails  foreign  material  was  rolled  in  the  rail  section,  and 
it  is  very  apparent  in  the  case  of  No.  23  that  the  foreign  material  is  an  old 
tie  plate.  While  these  rails  are  of  open  hearth  steel,  the  analysis  clearly 
showed  that  this  included  material  was  Bessemer  steel.  The  trouble 
appears  to  have  occurred  from  the  practice  at  the  Gary  mill  of  throwing 
pieces  of  scrap  on  the  stool  to  prevent  its  cutting  during  the  casting  of 
the  ingot.  These  three  cases  were  caught  at  random  on  two  separate 
divisions. 

It  seems  to  me  that  these  forty  cases  of  rail  failures  point  out  very 
clearly  that  the  prime  cause  of  rail  failures  is  the  poor  quality" of  the  mate- 
rial, as  indicated  by  hardness,  brittleness,  segregation  and  unsoundness, 
all  of  which  must  be  corrected  in  the  ingot.  Only  two  cases  of  faulty 
rolling  were  found  in  this  lot. 

DISCUSSION  BY  WICKHORST. 

Mr.  Cushing's  discussion  covers  the  matter  nicely,  and  this  is  simply 
given  as  supplemental.  In  order  to  show  up  the  results  of  the  laboratory 
tests  somewhat  more  clearly,  in  condensed  form,  the  results  of  the  "broken" 
rails  given  in  Table  1  are  plotted  in  Fig.  1,  and  the  results  of  the  "crushed 
and  split  head"  rails  given  in  Table  2  are  plotted  in  Fig.  2.  These  figures 
show  graphically  the  carbon,  phosphorus,  manganese,  tensile  strength  and 
elongation.  On  these  diagrams  are  also  shown  lines  representing  the 
specification  limits  for  carbon,  phosphorus  and  manganese  as  given  in  the 
specifications  of  February,  1910,  namely,  carbon,  .45  per  cent,  to  .55  per 
cent.;  phosphorus,  not  over  .10  per  cent.,  and  manganese,  .80  per  cent,  to 
1. 10  per  cent.  A  minimum  limit  for  elongation  has  not  been  established. 
but  probably  Bessemer  rail  steel  should  give  at  least  12  per  cent,  stretch 
in  2  ins.  in  metal  below  the  "brittle"  zone  at  the  top  of  the  ingot  and  I 
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show  a  line  on  the  diagram  at  12  per  cent,  for  convenience  of  comparison. 
Broken  Rails. — Considering,  first,  the  broken  rails,  probably  the  most 
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prominent  feature  shown  by  Fig.  1  is  that  the  carbon  of  9  of  the  15  Besse- 
mer rails  is  above  the  upper  limit,   although  seriously  so   only  in   two  or 
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three  cases.  The  phosphorus  is  below,  or  only  a  little  above,  the  limit  of 
.10  per  cent,  except  in  two  cases,  Nos.  4  and  5,  which  are  considerably 
above.     Seven  of  the  rails  show  elongation  below  12  per  cent.,  and  in  these 
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cases  except  one  the  carbon  or  phosphorus,  or  both,  are  above  the  upper 
limits.  In  about  half  or  a  little  less  of  the  "broken"  rails  it  may  be  said, 
therefore,  that  the  metal  was  not  of  first  quality,  and  the  etchings  indicate 
them  as  coming  mostly  from  the  upper  part  of  the  ingot.    This  still  leaves 
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at  least  half  of  the  cases  where  the  metal  must  be  pronounced  good  rail 
steel.  Mr.  dishing  has  already  stated  that  13  of  the  16  breaks  occurred 
at  or  near  the  splice.  These  two  latter  statements  rather  .suggest  that  fail- 
ures classed  as  "broken"  rails  are  due  primarily  to  some  very  severe,  and 
probably  abnormal,  condition  of  service  or  handling  and  that  poor  rail 
metal  is  much  more  liable  to  failure  than  the  better  metal  of  the  rail  bar. 
The  failures  are  equally  divided  between  good  rail  steel  and  what  may  be 
•termed  poorer  metal,  but  it  is  probable  that  there  is  only  a  small  pro- 
portion of  the   latter   in  service. 

Crushed  and  Split  Heads. — It  will  be  noted  from  Fig.  2  that  in  almost 
2pail  cases  the  carbon  is  above  the  upper  limit  of  .55  per  cent,  for  Bessemer 
steel,  and  in  a  large  proportion  of  the  cases  very  much  so.  The  phos- 
phorus also  is,  in  most  cases,  above  the  maximum  limit  of  .10  per  cent., 
and  here  again  a  large  proportion  is  considerably  so.  This  combination  of 
high  carbon  and  high  phosphorus  means  brittle  material.  The  manganese 
in  general  enmes  within  the  specified  limits  or  but  little  outside,  and  it 
apparently  is  net  a  factor  in  the  matter  of  failure.  The  elongation  is 
Lelow  12  per  cent,  in  \~  out  of  the  21  cases,  and  in  most  of  them  very 
much  so,  showing  that,  as  a  class,  the  metal  in  the  interior  of  the  head  in 
this  type  of  failure  is  very  brittle,  which  woulcl  of  course  result  from  the 
high  carbon  and  high  phosphorus. 

A  study  of  the  etchings  shows  that  most  of  the  rails  in  this  class  are 
from  the  upper  part  of  the  ingot,  and  the  high  carbon  and  phosphorus 
are  therefore  evidently  due  to  segregation. 

This  study  would  indicate,  therefore,  that  crushed  and  split  head  fail- 
ures in  Bessemer  rails  are  confined  mostly  to  rails  of  segregated  metal 
from  the  upper  part  of  the  ingot. 

INDIVIDUAL  RAILS. 

The   rest  of   this   report   covers   the   information   concerning  the   indi- 
vidual rails.    The  following  abbreviations  are  used  : 
C  =  carbon. 
P  =  phosphorus. 
Mn=manganese. 
S  =  sulphur. 
Si  =  silicon. 
T.  S.  =  tensile  strength. 
E.  L.  =  elastic  limit. 
Elong.  =  elongation. 
Red.  area  —  reduction  of  area. 

(1)     BROKEN    RAIL. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May.  1506;  laid  in  May.  igc6,  on  a  one-degree  curve,  gravel  ballast, 
and  removed  October  13,  1909.  Rail  was  broken  two  ft.  from  joint; 
square  break. 

C  .584:  Mn  1. 17;  P  .102;  Si  .110;  T.  S.  122.440  lbs.  per  sq.  in. ;  E.  I.: 
69,430  lbs.  per  sq.  in.  ;  Elong.  in  2  in.,  17.0%;  Red.  area  27.15%. 
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Fig.  3.     Rail  i. 


Fig.  4.    Rail  i. 
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(2)  '  BROKEN   RAIL. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  October,  1907 ;  laid  in  January,  1909,  on  straight  line,  stone  ballast, 
and  removed  on  October  11,  1909.  Rail  was  broken  two  ft.  from  receiv- 
ing end;  the  character  of  the  fracture  of  this  rail  indicated  that  the  rail 
first  failed  by  breaking  out  of  the  flange. 

C  .487:  Mn  1. 14;  P  .100;  Si  .T13;  T.  S.  113.390  lbs.  per  sq.  in.;  E.  F. 
67,130  lb?,  per  sq.  in.;  Elong.  in  2  in.,  19.0%;  Red.  area.  33.79%. 


Fig.  5.     Rail  2. 


Fig.  6.    Rail  2. 
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A  STUDY  OF  FAILED  RAILS. 
(3)     BROKEN  RAIL. 


85-lb.  P.  S.  Bessemer,  made  by  Illinois  Steel  Company,  South  Works, 
June,  1909;  laid  in  June,  1909,  on  straight  line,  gravel  ballast,  and  removed 
on  October  19,  1909.  Angular  break  just  beyond  bolt  holes;  six-hole 
angle  bar,  full  bolted. 

C  .596;  Mn  1.03;  P  .106;  Si  .143;  T.  S.  114,210  lbs.  per  sq.  in.;  E.  L. 
72.240  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.50%  ;  Red.  area  0.00%. 


Fig.  7.     Rail  3. 


Fig.  8.    Rail  3. 
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Fig.  9.     Rail  3. 

(4)     BROKEN  RAIL. 

85-lb.  P.  S.,  made  by  Illinois  Steel  Company,  South  Works,  April, 
1909;  laid  in  May,  1909,  on  straight  line,  gravel  ballast;  removed  August 
4,  1909.  Angular  break  four  in.  from  end  through  bolt  hole;  six-hole 
splice. 

C  771  ;  Mn  .98;  P  .154*;  Si  .176;  S  .078;  T.  S.  87,470  lbs.  per  sq.  in.  ; 
E.  L.  75,970  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1.00%;  Red.  area  0.00%. 

*Average  of  5  determinations  ranging  from  .133  to  .168%. 


Fig.  10.    Rail  4. 
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Fig.  ii.    Rail  4. 


Fig.  12.     Rail  4,  Center  of  Head,  Etched  with 
Picric  Acid — Magnified  ico  Diameters. 


A  STUDY  OF  FAILED  RAILS. 
(5)     BROKEN  RAIL. 
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ioo-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1907 ;  laid  in  February,  1907,  on  straight  line  on  bridge, 
no  ballast;  removed  December  18,  1909.  Angular  break  nine  in.  from 
receiving  end  through  bolt  holes,  six-hole  insulated  Weber  joint. 

C  .578:  Mn  .64;  P  .126;  Si  .068;  T.  S.  104,230  lbs.  per  sq.  in.;  E.  L. 
66,580  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  5.00% ;  Red.  area  6.26%. 


Fig.  13.     Rail  5, 


Fig.  14:    Rail  5. 
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(6)     BROKEN  RAIL. 

ioo-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1907;  laid  in  June,  1907,  on  straight  line,  stone  ballast; 
removed  December  30,  1909.  Angular  break  about  one-third  of  length  of 
rail  from  receiving  end ;  weather  frosty. 

C  .618;  M'n  1.60;  P  .081;  Si  .156;  T.  S.  141,400  lbs.  per  sq.  in.;  E.  L. 
98,450  lbs.  per  sq.  in.;  Elong.  in  2  in.,  11.50%;  Red.  area  14.75%- 


Fig.  15.     Rail  6. 


Fig.  16.     Rail  6. 


Fig.  17.    Rail  6,  Crack  in  Web  About  Center  of  Rail. 
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Fig.  i  8.     Rail  6. 
(7)     BROKEN  RAIL. 

ioo-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  July,  1906;  laid  in  July,  1906,  low  rail  of  three-degree  50-min.  curve, 
limestone  ballast ;  removed  December  13,  1909.  Angular  break  five  in.  from 
receiving  end ;  standard  six-hole  insulated  Weber  joint. 

C  .644;  Mn  1.03;  P  .112;  Si  .100;  T.  S.  107,460  lbs.  per  sq.  in.;  E.  L. 
79,750  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  2.00%  ;  Red.  area  2.81%. 


Fig.  19.    Rail  7. 
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Fig.  20.    Rail  7. 


(8)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works;  laid  in  July,  1902,  on  straight  line,  stone  ballast;  removed  De- 
cember 30,  1909.  Angular  break  through  bolt  holes ;  Bonzano  six-hole, 
full-bolted  joint. 

C  .509;  Mn  .81;  P  .099;  Si  .065;  T.  S.  106,320  lbs.  per  sq.  in.;  E.  L 
72,640  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.00%  ;  Red.  area  3.56%. 


Fig.  21.     Rail  8. 
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Fig.  22.    Rail  *. 


(9)     BROKEN  RAIL. 

85-lb.  P.  R.  R.,  made  by  Illinois  Steel  Company;  laid  in  June,  1895, 
on  straight  line,  gravel  ballast;  removed  November  18,  1909.  Angular 
break  17  in.  from  receiving  end;  plain  six-hole  angle  bar.  At  point  of 
failure  the  flange  was  very  thin,  due  to  corrosion. 

C  .490;  Mn  .93;  P  .096;  Si  .204;  T.  S.  110,210  lbs.  per  sq.  in.;  E.  L. 
80,080  lbs.  per  sq.  in. ;  Elong.  in  2  in..  18.00% ;  Red.  area  30.23%. 


Fig.  23.    Rail  9. 
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Fig.  24.     Rail  9. 


Fig.  25.     Rail  9. 
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(10)     BROKEN  RAIL. 

ioo-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1906;  laid  in  February,  1906,  on  straight  line,  stone 
ballast ;  removed,  November  20,  1909.  Angular  break  between  second  and 
third  bolt  holes;  standard  hole  joint,  full  bolted,  not  insulated.  The  sec- 
tion of  the  rail  at  the  point  of  fracture  and  over  the  entire  length  of  the 
splice-bar  contact  had  been  worn  very  thin. 

C  .541;  Mn  1.06;  P  .085;  Si  .120;  T.  S.  115,750  lbs.  per  sq.  in.;  E.  L. 
92,590  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  18.00% ;  Red.  area  10.53%. 


Fig.  26.    Rail  10. 


250 


A  STUDY  OF  FAILED  RAILS. 


Fig.  27.    Rail  10. 

(11)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1906;  laid  February,  1906,  on  low  rail  of  three-degree  and 
16-min.  curve,  stone  ballast ;  removed  October  13,  1909.  Angular  break 
through  second  bolt  hole  at  leaving  end;  standard  six-hole,  full-bolted  joint. 

C  .576;  Mn  1.26;  P  .081;  Si  .129;  T.  S.  125,200  lbs.  per  sq.  in.;  E.  L 
74,280  lbs.'  per  sq.  in. ;  Elong.  in  2  in.,  14.50% ;  Red.  area  24.03%. 
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Fig.  28.     Rail  it. 


Fig.  29.     Rail  ii. 
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(12)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  April,  1006;  laid  in  April,  1906,  on  straight  line,  limestone  bal- 
last; removed  December  23,  1909.  Square  break  five  in.  from  receiving 
end ;  standard  six-hole,  full-bolted,  not  insulated  joint. 

C  .566;  Mn  1. 10;  P  .085;  Si  .091;  T.  S.  125,560  lbs.  per  sq.  in.;  E.  L. 
83,950  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  14.50%  ;  Red.  area  19.78%. 


Fig.  30.     Rail  12. 


Fig.  31.    Rail  12. 
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(13)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  1906;  laid  in  February,  1906,  on  straight  line,  stone  ballast;  re- 
moved November  28,  1909.  Angular  break  between  first  and  second  and 
second  and  third  bolt  holes ;  flaw  between  bolt  holes  half  way  between 
base  and  head;  standard  six-hole,  full-bolted,  not  insulated  joint. 

C  .622;  Mn  1. 11;  P  .090;  Si  .096;  T.  S.  100,920  lbs.  per  sq.  in.;  E.  L. 
100,920  lbs.  per  sq.  in.;  Elong.  in  2  in.,  4.00%;  Red.  area  3.15%. 


Fig.  32.     Rail  13. 


Fig.  33.     Rail  13. 
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Fig.  34.    Rail  13. 

(14)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1906;  laid  in  February,  1906,  on  straight  line,  stone 
ballast;  removed  October  11,  1909.  Break  at  receiving  end  seventeen  in. 
from  end  at  the  top  of  the  rail  and  fifteen  in.  at  the  bottom;  standard 
six-hole,  full-bolted  joint. 

C  .529;  Mn  1.08;  P  .086;  Si  .126;  T.  S.  117,370  lbs.  per  sq.  in.;  E.  L. 
66,230  lbs.  per  sq.  in.;  Elong.  in  2  in.,  17.00%;  Red.  area  31.07%. 
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Fig.  35.     Rail  14. 
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Fig.  36.    Rail  14. 


(15)     BROKEN  RAIL. 

85-lb.  P.  S.  Bessemer,  made  by  Illinois  Steel  Company,  April,  1909, 
Heat  No.  33456,  letter  "C;"  laid  in  May,  1909,  on  low  rail  on  three-degree 
28-min.  curve,  in  gravel  ballast;  removed  November  15,  1909.  Square 
break  at  leaving  end,  caused  by  crack  in  web  through  bolt  hole;  P.  S. 
splice,  six-hole,  full  bolted. 

C  .544;  Mn  .96;  P  .092:  Si  .183;  T.  S.  114,930  lbs.  per  sq.  in.;  E.  L. 
69,380  lbs.  per  sq.  in. ;  Elong.  in   2  in.,  17.50%  ;  Red.  area  29.19%. 


Fig.  37.    Rail  15. 
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Fig.  38.     Rail  15. 


Fig.  39.     Rail  15. 
(16)     BROKEN  RAIL. 
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Fig.  40.    Rail  16. 


Fig.  41.     Rail  16. 


(17)     CRUSHED  HEAD. 

85-lb.  P.  R.  R..  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  November,  1896,  Heat  No.  1613;  laid  in  December,  1896,  on  straight 
line,  gravel  ballast ;  removed  December  7,  1009.  Six  in.  of  crushed  head, 
twelve  in.  from  end  of  rail. 

C  .549;  Mil  .74;  P  .111;  Si  .065;  T.  S.  112.230  lbs.  per  sq.  in.;  E.  L. 
90,320  lbs.  per  sq.  in.;  Elong.  in  2  in.,  21.00%;  Red.  area  18.23%. 
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Fig.  42.     Rail  17,  Showing  Crack  Under  Head. 


Fig.  43.     Rail  17. 


Fig.  44.     Rail  17. 
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(18)     CRUSHED  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1905 ;  laid  in  May,  1905,  on  straight  line,  screened  gravel  bal- 
last; removed  June  12,  1909.  Head  crushed  for  about  fourteen  ft.  starting 
two  ft.  from  receiving  end. 

C  .043;  Mn  1.04;  P  .098;  Si  .094;  S  .054;  no  tensile  test  made. 


Fig.  45.     Rail  18,  Cut  8  ft.  from  Receiving  End. 


Fig.  46.     Rail  18,  Cut  20  ft.  from  Receiving  End. 


Fig.  47.    Rail  i5 
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(19)     CRUSHED  HEAD. 

85-lb.  A.  S:  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1906;  laid  in  April,  1906,  on  low  rail  of  one-degree  38- 
min.  curve,  gravel  ballast ;  removed  July  10,  1909.  Head  crushed  for  two 
and  one-half  ft.  starting  three  ft.  from  receiving  end. 

C  .598;  Mn  .88;  P  .072;  Si  .109;  S  .042;  T.  S.  124,180  lbs.  per  sq.  in.; 
E.  L.  76,120  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  8.50% ;  Red.  area  9.25%. 


Fig.  48.     Rail  19.  Showing  Crack  Under  Head. 

.'.-*   .       -I-'...  ; 


Fig.  49.     Rail  19. 


Fig.  50.    Rail  19,  Cut  8  ft.  9  in.  from  Receiving  End. 
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Fig.  si.     Rail  19. 
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Fig.  52.     Rail  19,  Center  of  Head,  Etched  with 
Picric  Acid — Magnified  100  Diameters. 
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(20)     CRUSHED  HEAD. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  July,  1906,  Heat  No.  301 ;  laid  August,  1906,  on  low  rail  on  one- 
degree  one-min.  curve,  limestone  ballast ;  removed  July  24,  1909.  Head 
crushed  for  ten  ft.  starting  6l/2  ft.  from  leaving  end. 

C  .571;  Mn  .99;  P  .127;  Si  .094;  T.  S.  98,050  lbs.  per  sq.  in.;  E.  L. 
66,940  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.50% ;  Red.  area  0.00%. 


Fig.  53.     Rail  20,  Showing  Crack  Under  Head. 


Fig.  54.     Rail  20,  Cut  14  ft.  5  in.  from  Leaving  End. 
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Fig.  55.     Rail  20,  Cut  21  ft.  10  in.  from  Leaving  End. 


Fig.  56.    Rail  20. 
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A  STUDY  OF  FAILED  RAILS. 
(21)     CRUSHED  HEAD.. 


100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1907 ;  laid  in  February,  1907,  on  low  rail  on  five-degree 
16-min.  curve,  limestone  ballast;  removed  July  7,  1009.  Head  crushed  for 
one  ft.  starting  two  ft.  from  leaving  end. 

C  .580,  .607,  .641*;  Mn  .60;  P  .052;  Si  .063;  S  .044;  no  tensile  test 
made. 

*It  was  impossible  to  get  check  determinations  from  drillings  taken 
from  the  head  of  this  rail. 


Fig.  57.     Rail  21,  Showing  Widening  of  Head. 


Fig.  58.    Raie  21. 


Fig.  59.    Rail  21.    Cut  4  Ft.  6  In.  from  Leaving  End. 
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Fig.  60.     Rail  21,  Cut  8  ft.  10  in.  from  Leaving  End. 


Fig.  61.     Rail  21. 
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Fig.  62.     Rail  21,  Center  of  Head,  Etched  with 
Picric  Acid — Magnified  100  Diameters. 


(22)     CRUSHED  HEAD. 

85-lb.  P.  S.,  made  by  Illinois  Steel  Company,  South  Works,  Heat  No. 
9437,  letter  "A ;"  laid  May,  19x19,  on  high  rail  on  five-degree  curve,  gravel 
ballast ;  removed  November  23,  1909.  At  two  places  the  top  of  the  head  is 
flattened  toward  the  inside  of  the  rail ;  at  other  places  the  rail  slivered  off 
in  strips  about  1-16  in.  by  ~%  in.  by  8  in. ;  unusual  defect. 

C  .578;  Mn  .89;  P  .128;  Si  .072;  T.  S.  110,630  lbs.  per  sq.  in.;  E.  L, 
76,690  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  5.00% ;  Red.  area  4.75%. 


Fig.  63.    Rail  22,  Showing  Scaly  Head. 
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Fig.  64.     Rail  22. 

(23)  FLOW  OF  METAL. 
-  85-lb.  P.  S.  O.-H.  Made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  3035,  letter  "C;"  laid  May,  1909,  on  low  rail  of 
three-degree  43-min.  curve,  gravel  ballast ;  removed  October  30,  1909. 
Head  flow  at  receiving  end  for  five  ft.  nine  in.  R.  W.  Hunt  &  Co.  make 
the  following  comments : 

"The  inclusion  of  some  foreign  material  in  the  steel  of  this  rail  is  ap- 
parent in  the  photograph  of  the  etching.  The  presence  of  this  material 
was  evidently  the  cause  of  the  failure.  Aside  from  this  inclusion  the  steel 
was  evidently  sound  and  would  give  satisfactory  service.  This  is  shown 
by  the  results  of  chemical  analysis,  the  appearance  of  the  etching  and 
the  results  of  the  tensile  test. 

"Drillings  were  carefully  taken  from  the  foreign  material  shown  in  the 
etching,  and  an  analysis  showed  the  following  results : 


Percentage  of  carbon  by  combustion. 

Percentage  of  phosphorus 

Percentage  of  manganese 


>cation 

Location 

A. 

B. 

•535 

•405 

•051 

•075 

.62 

.67 

"Early  Gary  Open-Hearth  practice  made  use  of  various  small  pieces  of 
cold  scrap  on  the  tops  of  the  stool  in  the  casting  of  ingots.  This  was 
thrown  into  the  moulds  at  random  to  prevent  the  ingots  from  sticking  to 
the  stool.  Ordinarily  this  practice  required  a  somewhat  greater  discard 
from  the  bottom  of  the  ingot  than  would  be  necessary  without  the  use  of 
this  scrap,  but  it  has  always  been  assumed  that  the  discard  was  sufficient 
to  eliminate  all  of  this  scrap  material.  This  scrap  has  largely  consisted  of 
tie-plates,  and  considerable  spikes,  bolts  and  other  general  mill  scrap.  The 
section  of  the  tie-plate  which  has  been  used  is  that  shown  on  Fig.  68-A, 
and  it  is  remarkable  that  the  section  indicated  in  the  etching  corresponds 
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very  closely  to  this  section,  leaving  in  our  minds  no  reasonable  doubt, 
but  that  the  inclusion  is  that  of  a  tie-plate.  The  analysis  of  these  tie- 
plates  is  .20  to  .30  per  cent  of  carbon  and  about  .10  per  cent  of  phosphorus, 
and,  while  the  analysis  taken  from  the  inclusion  and  reported  above, 
shows  percentage  of  carbon  somewhat  higher  and  a  percentage  of  phos- 
phorus somewhat  lower  than  this  analysis,  the  difference  can  be  readily 
accounted  for  from  the  fact  that  in  drilling  the  etching  it  was  practically 
impossible  to  restrain  the  drillings  within  the  area  covered  by  the  minia- 
ture tie-plate  section." 

C  .735;  Mn  .70;  P  .025;  Si  .119;  T.  S.  122,020  lbs.  per  sq.  in.;  E.  L. 
72,380  lbs.  per  sq.  in.;  Elong.  in  2  in.,  13.50%;  Red.  area  0.27%. 


Fig.  65.   -Rail  23,  Top  View  Showing  "Flow  of  Metal. 


Fig.  66.     Rail  23,  Side  View. 


Fig.  67.    Rail  23. 
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Fig.  68.    Rail  23. 


Fig.  68-A,  Rail  23. 

(24)     SPLIT  HEAD. 

85-lb.  P.  S.  O.-H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  56050;  laid  July,  1909,  on  high  rail  of  ten-degree 
curve,  gravel  ballast;  removed  September  1,  1909.  Defect  fifteen  in.  from 
leaving  end  of  rail,  extending  back  eight  ft. ;  split  head  accompanied  by 
same,  defect  watched  twenty  days.  R.  W.  Hunt  &  Co.  make  following 
comments : 

"The  inclusion  of  foreign  material  in  the  steel  of  this  rail  was  the 
cause  of  the  failure.  Consideration  of  our  report  of  the  20th  inst.,  under 
subject  Failure  of  85-lb.  P.  S.,  Gary,  1909,  Rail  West  of  M'.  P.  152,  on 
Section  No.  42,  November  1,  1909,  in  connection  with  the  examination  of 
the  etching,  indicates  that  the  foreign  material  was  tie-plates.  Our  analysis 
of  drillings  taken  from  this  material  shows  result  as  follows : 

Percentage  of  carbon  by  combustion 547 

Percentage  of  phosphorus 085 

Percentage  of  manganese 66 

"Aside  from  this  inclusion  the  steel  is  apparently  satisfactory,  although 
the  tensile  test  does  show  some  brittleness." 

C  .680;  Mn  .740;  P  .027;  Si  .120;  T.  S.  110,580  lbs.  per  sq.  in.;  E.  L. 
70,140  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  SJOO% ;  Red.  area  0.10%. 
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Fig.  69.     Rail  24,  Showing  Sag  of  Head. 


Fig.  70.     Rail  24. 


Fig.  71.     Rail  24 
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(25)     SPLIT  HEAD. 

85-lb.  P.  S.  O.-H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
1909 ;  laid  July,  1909,  on  high  rail  of  ten-degree  curve ;  removed  November 
27,  1909.  Split  head  running  from  15  in.  from  east  end  of  rail  to  4  ft. 
from  east  end  of  rail,  accompanied  by  seam  2  ft.  9  in.  long;  defect  watched 
twelve   days. 

Mn  .681;  P  .77;  Si  .025;  S  .080;  T.  S.  118,800  lbs.  per  sq.  in.;  E.  L. 
89,610  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15.00%;  Red.  area  20.06%. 


Fig.  72.     Rail  25,  Showing  Scaly  Head. 


Fig.  73.     Rail  2= 
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Fig.  74.    Rail  25. 


(26)     SPLIT  HEAD. 

85-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  February,  1909,  Heat  No.  4636;  laid  in  May,  1909,  on  low 
rail  of  one-degree  two-min.  curve,  gravel  ballast;  removed  on  November 
23,  1909.  .  . 

C  .771;  Mn  1.00;  P  .133;  Si  .082;  T.  S.  72,490  lbs.  per  sq.  in.;  E.  L. 
72,490  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  0.00% ;  Red.  area  0.00%.    • 


Fig.  75.     Rail  26. 
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Fig.  76.     Rail  26. 


(27)     SPLIT  HEAD. 


85-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  February,  1909,  Heat  No.  4629 ;  laid  May,  1909,  on  low  rail  of 
one-degree  one-min.   curve,  gravel  ballast ;    removed   November  23,   1909. 

C  .841;  Mn  1.09;  P  .168;  Si  .052;  T.  S.  96.990  lbs.  per  sq.  in.;  E.  L. 
96,990  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  1.00%  ;  Red.  area  1.98%. 


Fig.  77.    Rail  27,  Cut  15  ft.  4  in.  from  End. 
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Fig.  78.     Rail  27. 


(28)     SPLIT  HEAD. 

85-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  February,  1909,  Heat  No.  1799;  laid  May,  1909,  on  low  rail  of 
five-degree  22-min.  curve,  gravel  ballast;  removed  August  7,  1909.  The 
head  gave  down  and  began  to  split  for  length  of  six  ft. 

C  .788;  Mn  .76;  P  .149;  Si  .092;  S  .078;  no  tensile  test  made. 


Fig.  79.     Rail  28,  Top  of  Head. 
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Fig.  80.     Rail  28.  Cut  6  ft.  2  in.  from  End. 


Fig.  81.     Rail  28.     Cut  18  Ft.  from  End. 


Fig.  82.     Rail  28. 
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Fig.  83.     Rail  28,  Center  of  Head,  Etched  with 
Picric  Acid— Magnified  100  Diameters. 


(29)     SPLIT  HEAD. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February.  1909,  Heat  No.  1800;  laid  May,  1909,  on  low  rail  oi 
five-degrees  22-min.  curve,  gravel  ballast ;  removed  August  23,  1909. 

C  .714;  Mn  .85;  P  .210;  Si  .077;  S  .104!  T.  S.  124,600  lbs.  per  sq.  in.;. 
E.  L.  86,450  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  2.09%  ;   Red.  area  1.20%. 


Fig.  84.     Rail  29. 
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Fig.  85.     Rail  29. 

(30)     SPLIT  HEAD. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1909,  Heat  No.  4553 ;  laid  April,  1909,  on  low  rail  of 
four-degree  curve,  limestone  ballast;  removed  July  13.  1909.  Rail  crushed 
for  two  ft.  six  in.  starting  two  ft.  from  end,  same  end  also  has  a  small 
crack. 

C  .807;  Mn  .96;  P  .140;  Si  .087;  S  .059;  T.  S.  90,200  lbs.  per  sq.  in. ;  E.  L 
74,200  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1.00%;  Red.  area  1.48%. 


Fig.  86.    Rail  30,  Note  Crack  Under  Head. 
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Fig.  87.     Rail  30,  End  of  Rail. 


Fig.  88.     Rail  30,  Cut  6  ft.  from  Receiving  End. 


Fig.  89.     Rail  30. 


A  STUDY  OF  FAILED  RAILS. 


279 


(31)     SPLIT  HEAD. 

85-lb.  P.  S.,  made  by  Carnegie  Stee]  Company,  Edgar  Thomson 
Works,  February,  1909,  Heat  No.  4563 ;  laid  April,  1909,  on  low  rail  of 
four-degree  curve,  limestone  ballast;  removed  July  13,  1909.  Split  head 
for  distance  of  twelve  ft. 

C  .734;  Mn  .93;  P  .138;  Si  .089;  S  .086;  T.  S.  109,700  lbs.  per  sq.  in.; 
E.  L.  74,500  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  2.00% ;  Red.  area  1.94%. 


Fig.  90.     Rail  31,  Showing  Crack  Under  Head. 


Fig.  91.     Rail  31,  Cut  4  ft.  ii  in.  from  Receiving  End. 


Fig.  92.     Rail  31,  Cut  10  ft.  2  in.  from  Receiving  End. 
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Fig.  93.     Rail  31. 


Fig.  94.    Rail  31,  Center  of  Head,  Etched  with 
Picric  Acid — Magnified  100  Diameters. 
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(32)     SPLIT  HEAD. 

100-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1909.  Heat  No.  2749;  laid  April,  1909,  on  two-degree 
42-min.  curve,  stone  ballast;  removed  September  6,  1909.  Head  crushed 
for  four  ft.  four  in.,  starting  thirty  in.  from  receiving  end. 

C  .616;  Mn  .80:  P  .095,  .109,  .120,  .140;  Si  .129;  S  .053;  T.  S.  114,770 
lbs.  per  sq.  in.;  E.  L.  63,560  lbs.  per  sq.  in.;  Elong.  in  2  in.,  11.50%;  Red. 
area  13-55%- 


Fig.  95.     Rail  32. 


Fig.  96.     Rail  32,  Cut  4  ft.  8  ix.  from  Receiving  End. 
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Fig.  97.    Rail  32. 


4'    »-.■■■* 

fflV 


Fig.  98.    Rail  32,  Center  of  Head,  Etched  with 
Picric  Acid — Magnified  100  Diameters. 
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(33)     SPLIT  HEAD. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1909,  Heat  No.  4584;  laid  April,  1009,  on  low  rail  of 
five-degree  curve,  limestone  ballast ;  removed  December  20,  1909,  com- 
mencing fifteen  ft.  from  receiving  end,  ball  of  rail  flattened  down  for  a 
distance  of  five  ft.  ffl 

C  .683;  Mn  1. 12;  P  .122;  Si  .079;  T.  S.  88,550  lbs.  per  sq.  in.;  E.  L 
88,550  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1.00%;  Red.  area  1.22%. 

Note. — Specimen  broke  at  fillet. 


Fig.  99.     Rail  33,  Cut  12  ft.  from  Leaving  End. 


Fig.  100.    Rail  33. 
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ioo-lb.  A.  R.  A.-A..  made  by  Carnegie  Steel  Company,  Edgar  Thorn 
son  Works,  March,   1909,  Heat  No.  6648;  laid  May,  1909,  on  low  rail  of 
three-degree  30-min.  curve,  limestone  ballast;  removed  October   18,  1909. 
Split  head,  flaw  eight  ft.  long  in  ball  of  rail,  one  ft.  from  end ;  split  head 
accompanied  by  seam. 

C  .762,  .789,  .713 ;  Mn  1.02 ;  P  .145 ;  Si  .063 ;  T.  S.  114,880  lbs.  per  sq.  in. ; 
E.  L.  66,460  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  10.0%  ;  Red.  area  10.94%. 


Fig.  ioi.     Rail  34. 


Fig.  102.    Rail  34. 


Fig.  103.    Rail  34. 
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Fig.  104.     Rail  34. 

(35)     SPLIT  HEAD. 

100-lb.  A.  R.  A.-A.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1909;  laid  May,  1909,  on  low  rail  of  three-degree,  30-min. 
curve,  limestone  ballast ;  removed  December  21,  1909.  Rail  split  in  ball 
two  ft.   from  end,  fifteen  ft.  long. 

C  .637;  Mn  .92;  P  .118;  Si  .063;  T.  S.  117,040  lbs.  per  sq.  in.;  E.  L. 
85,680  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.50%  ;  Red.  area,  3.18%. 


Fig.  105.    Rail  35,  Cut  15  ft.  from  Receiving  End. 
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Fig.  106.    Rail  35. 

(36)     SPLIT  HEAD. 

100-lb.  A.  R.  A.-A.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1909,  Heat  No.  6716;  laid  May,  1909,  on  straight  line, 
limestone  ballast;  removed  December  21,  1909.  Rail  split  in  ball  three 
ft.  from  end,  four  ft.  long. 

C  .547;  Mn  .98;  P  .108;  Si  .065;  T.  S.  102,970  lbs.  per  sq.  in.;  E.  L. 
75,000  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  2.50%  ;  Red.  area  0.00%. 

Note. — Specimen  broke  at  fillet. 


Fig.  107.    Rail  36,  Cut  3  ft.  5  in.  from  Receiving  End. 
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Fig.  108.    Rail  36. 

(37)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  December,  1895,  Heat  No.  6919;  laid  January,  1906,  on  straight  line, 
gravel  ballast ;  removed  October  29,  1909.  Three  ft.  of  head  split  twenty  in. 
from  end  of  rail. 

C  -537;  Mn  .86;  P  .170;  Si  .080;  T.  S.  114,210  lbs.  per  sq.  in.;  E.  L. 
60,020  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  14.50%  ;  Red.  area  22.23%. 


Fig.  109.     Rail  37. 
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Fig.  no.     Rail  37. 

(38)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1898,  Heat  No.  6863 ;  laid  May,  1898,  on  straight  line,  gravel 
ballast;  removed  December  28,  1909.  Six  ft.  of  split  head  four  ft:  from  end 
of  rail. 

C  .495;  Mn  .90;  P  .110;  Si  .095;  T.  S.  116,270  lbs.  per  sq.  in.;  E.  L. 
74,130  lbs.  per  sq.  in.;  Elong.  in  2  in.,  7%;  Red.  area  6.31%. 

6.31%.  ■    ■     ■■. 

Note. — Specimen  broke  in  threaded  end. 


Fig.  in.    Rail  38. 
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Fig.  112.     Rail  38. 


(39)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1899,  Heat  No.  4959;  laid  May,  1899,  on  straight  track,  gravel 
ballast ;  removed  October  25,  1909.  Six  ft.  of  head  split  twelve  ft.  from 
leaving  end. 

C  .647,  .733,  .648;  Mn  1.00;  P  .151,  .126,  .155;  Si  .197;  T.  S.  118,610 
lbs.  per  sq.  in. ;  E.  L.  72,490  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  13.0% ;  Red. 
15.03%. 


Fig.  113.     Rail  39,  Showing  Top  of  Head. 
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Fig.  114.     Rail  39,  Showing  Crack  Under  Head. 


Fig.  115.    Rail  39. 
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Fig.  i  i  6.    Rail  39. 


(40)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  October,  1902, 
Heat  No.  2583 ;  laid  October,  1902,  on  straight  line,  gravel  ballast ;  re- 
moved December  1,  1909.  Rail  was  split  on  ball  three  ft.  from  the  end. 
The  cap  of  rail  was  bulging  up. 

C  .293;  Mn  .89;  P  .098;  Si  .162;  T.  S.  108,340  lbs.  per  sq.  in.;  E.  L 
92.860  lbs.  per  sq.  in.;  Elong.  in  2  in.,  14^'  ;  Red.  area  16.17 


Fig.  117.    Rail  40. 
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Fig.  119.     Rail  40. 


Fig.  120.    Rail  40. 
Chicago,  January,  191 1. 

962  Monadnock  Block. 


A  STUDY  OF  SIXTY-EIGHT  FAILED  RAILS. 

By  W.  C.  Cushing,  Chief  Engineer,  Maintenance  of  Way, 
Pennsylvania  Lines  West  of  Pittsburgh,  Southwest  System,  Pittsburgh,  Pa 

With  Discussion  by 

M.    H.    Wickhorst,    Engineer  of   Tests,   Rail   Committee. 

Report  No.  12  covered  a  study  of  forty  failed  rails  and  this  report 
deals  with  a  continuation  of  the  same  work,  covering  a  study  of  sixty- 
eight  additional  rails  which  failed  on  the  Southwest  System  of  the  Penn- 
sylvania Lines  west  of  Pittsburgh,  except  a  fevV  which  failed  on  the 
Rock  Island  System.  Mr.  Cushing  presented  his  file  to  the  Committee 
on  Rail,  together  with  tabulated  statements  of  the  main  results  and  a 
discussion  of  the  failures,  dated  September  13,  1910.  The  file  was  then 
edited  for  publication  as  this  report  by  Wickhorst,  who  also  presents 
some  discussion.  The  reports  of  the  individual  rails  consist  in  general 
of  the  following: 

1.  A  statement  of  the  track  condition. 

2.  General  photographs  of  the  failure.  '  ' 

3.  Photograph  of  an  etched  section. 

4.  Chemical  analysis  from  interior  of  head. 

5.  Physical  test  from  interior  of  head. 

The  laboratory  tests  were  made  by  R.  W.  Hunt  &  Co.,  except  in 
the  case  of  the  Rock  Island  rails,  which  tests  were  made  by  the  Rock 
Island  laboratory.  The  summaries  of  the  main  results  are  shown  in 
tables  3,  4  and  5.  (It  should  be  remarked  that  the  numbers  of  the  figures 
and  tables  in  this  report  are  continued  from  report  No.   12.) 

DISCUSSION  BY  CUSHING. 

BROKEN    RAILS. 

(1)  In  this  study  there  are  thirteen  broken  rails,  eight  of  which 
are  A.  S.  C.  E.  section,  four  P.  S.,  and  one  unknown.  Only  three  of 
these  breakages  occurred  at  the  joint,  and  it  is  not  known  that  the  joint 
had  anything  to  do  with  them,  as  other  causes  were  sufficient  to  bring 
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about  the  result,   except  that  the  cause  in  No.   53,  "probably   injured  in 
straightening,"  is  only  supposititious. 

(2)  Three  of  them,  43,  53  and  54,  were  possibly  injured  in  straight- 
ening, the  first  A.  S.  C.  E.  section,  and  the  last  two  P.  S.  No.  53  shows 
evidence  of  such  injury,  while  No.  43  was  hard,  having  0.666  carbon  and 
1.38  Mn. 

(3)  Nos.  44,  48  and  45  were  unsound,  and  No.  55  in  addition  very 
brittle. 

(4)  Nos.  45,  49,  50  and  52  were  brittle  and  hard.  No.  50  caused  the 
wreck  of  train  No.  30  west  of  Scio,  Ohio. 

(5)  No.  51  was  apparently  due  to  a  crack  in  the  base  from  a  lap 
caused  by  rolling. 

(6)  The  cause  of  the  failures  of  Nos.  46  and  47  of  the  Rock  Island 
rails  is  unknown. 

(7)  It  is  to  be  noted,  therefore,  that  more  than  half  of  all  these 
failures  were  caused  by  defective  metal,  unsoundness,  brittleness  or 
segregation,  or  combinations  of  them. 

SPLIT   HEADS. 

(8)  Special  attention  is  called  to  Nos.  57  to  64,  the  old  P.  R.  R. 
section  of  85-lb.  weight.  Four  of  them  were  laid  in  1895  and  four  of 
them  in  1898,  and  they  have  thus  been  15  and  12  years,  respectively,  in 
coming  to  the  state  where  the  split  head  has  caused  the  defect  to  become 
so  pronounced  as  to  require  the  removal  of  the  rails,  and  this,  too,  in 
spite  of  the  fact  that  they  are  all  unsound,  nearly  all  segregated,  and 
more  than  half  of  them  brittle.  Observe  in  the  case  of  No.  59  that  the 
seam  extends  clear  through  the  web  into  the  base,  proving  conclusively 
that  the  defect  always  existed.  The  web  seams  also  show  in  No.  60. 
Ir  might  at  once  be  concluded  that  the  long  time  taken  in  bringing  about 
the  final  failure  is  due  to  the  thick,  heavy  head  of  the  P.  R.  R.  sections 
being  capable  of  standing  more  punishment,  even  though  the  material 
be  defective,  than  the  section  of  thinner  head,  but,  in  order  to  determine 
whether  this  was  so  or  not,  a  number  of  the  earliest  examples  of  A.  S. 
C.  E.  rails,  which  failed  about  the  same  time,  were  collected  and  these 
are  shown  in  Nos.  65  to  70.  They  are  not  quite  as  old  as  the  others, 
being  of  the  years  1899  and  1900,  but  are  nearly  so.  They  show  precisely 
the  same  defects  as  in  the  case  of  the  P.  R.  R.  section,  viz. :  they  are 
brittle,  unsound  and  segregated.  Nos.  58  and  69  are  from  the  same 
division,  so  that  the  conditions  were  practically  the  same,  and  Nos.  59 
to  67,  inclusive,  were  from  the  same  division. 

Nos.  71  to  76  are  A.  S.  C.  E.  rails  of  the  years  1902  to  1907,  being 
thus  a  collection  of  different  ages,  but  the  defects  which  caused  the 
failures  are  no  worse  than  the  previous  ones.  These,  too,  are  brittle, 
unsound  and  segregated,  and  it  is,  therefore,  uncertain  whether  or  not 
the  heavy  head  enables  the  rails  to  last  longer,  even  when  of  poor 
material,  although  the  indications  are  slightly  in  favor  of  that  view. 
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(9)  The  P.  S.  section  begins  with  No.  77,  and  Nos.  77  and  78 
were  from  among  the  first  lot  of  the  new  section  rolled.  The  interior 
defects  of  No.  77  arc  just  as  bad  as  in  all  the  earlier  examples,  although 
great  care  was  exercised  during  the  rolling,  and  it  is  believed  that  they 
were  rolled  very  much  cooler  than  was  ever  the  case  before.  Even 
though  an  "E"  rail,  No.  78,  was  unsound  as  well  as  hard  and  segregated. 

(10)  Nos.  79  to  89  are  examples  of  the  same  class  of  failure  as 
described  in  the  case  of  23,  24  and  25  in  the  report  of  February,  1910. 
They  are  due  to  the  former  practice  at  Gary  of  throwing  scrap  material, 
such  as  old  tie  plates,  on  the  stool  of  the  ingot  to  prevent  cutting  while 
pouring.  It  is  understood  that  this  practice  has  been  stopped,  but  while 
in  vogue  it  was  causing  a  great  many  failures,  as  these  eleven  cases 
prove.    Nos.  88  and  89  were  from  the  Rock  Island  Lines. 

(11)  Nos.  90  to  97,  P.  S.  section,  Carnegie  Bessemer  steel,  except 
one,  of  the  year  1909,  are  all  unsound ;  all  brittle,  except  96  and  97 ;  and 
all  segregated  except  95.  Five  'of  them  are  "B"  rails ;  one  "A"  (96)  ; 
one  "C,"  and  one  "G."  It  is  to  be  noted,  therefore,  that  cropping  off 
the  "A"  rail,  or  from  25  to  30  per  cent.,  does  not  remove  all  of  the 
interior  defects. 

(12)  No.s  98  to  102  are  of  the  A.  R.  A.  A.  section,  Carnegie 
Bessemer  steel,  and  are  all  brittle,  unsound  and  segregated,  except  that 
No.  102  is  not  segregated.  Every  one  of  the  five  is  "B"  rail,  further 
emphasizing  the  fact  stated  in  the  previous  paragraph. 

(13)  In  the  case  of  No.  103  some  foreign  material  was  incorporated 
in  the  head. 

SPLIT  WEBS. 

(14)  The  failure  of  Nos.  104  and  105  may  have  been  caused  by 
rough  handling,  but  there  surely  was  a  weakness  or  the  failure  would 
not  have  occurred. 

(15)  Nos.  105,  106  and  107  were  at  the  joint,  but  it  is  not  known 
to  have  had  anything  to  do  with  the  failures,  as  Nos.  106  and  107  had 
serious  defects.     Only  one  of  these  is  an  "A"  rail. 

BROKEN  BASE. 

(16)  There  are  two  cases  of  broken  base,  one  A.  S.  C.  E.  and  one 
P.  S.,  but  the  latter  was  caused  by  rolling  scrap  steel  from  the  ingot 
stool  into  the  rail  at  the  Gary  mill,  as  in  the  case  of  Nos.  78  to  89.  The 
failure  of  the  former  was  caused  by  a  seam  and  the  metal  was  unsound 
and  brittle. 

This  study  is  further  evidence  that  the  prime  cause  of  rail  failures 
is  poor  quality  of  material,  as  stated  in  my  previous  report,  and  it  seems 
to  me  that  the  evidence  from  an  inspection  of  these  photographs  is  over- 
whelming. 

CONCLUSION. 

It  is  quite,  clear  that  the  new  rail  sections,  neither  the  P.  S.  section 
with  the  heavy  head,  nor  the  A.  R.  A.  A.  section  with  the  thinner  head, 
have   yet   brought   about   any   improvement   in    the   quality   of   the   metal 
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by  reason  of  better  proportionate  distribution  of  the  material  in  the  head, 
web  and  base,  respectively,  from  the  hope  that  the  conditions  of  rolling 
would  be  so  improved  as  to  produce  sound  material. 

The  defects,  it  seems  to  me,  must  be  remedied  at  the  blast  furnace, 
and  the  changes  of  improvement  must  bring  about  less  segregation  of 
the  elements  and  smaller  inclusion  of  gas  bubbles  and  slag,  in  whatever 
way  the  results  are  to  be  accomplished,  whether  it  be  by  more  time  for 
the  mixing  of  the  elements  and  the  escape  of  the  gas,  or  in  some  other 
way  not  yet  discovered. 

DISCUSSION   BY   WICKHORST. 

Supplementing  Mr.  Cushing's  discussion,  I  give  Figs.  121,  122  and 
123,  which  show  in  graphical  form  the  results  given  in  tables  3,  4  and 
5,  as  regards  carbon,  phosphorus,  manganese,  tensile  strength  and  elonga- 
tion. On  these  diagrams  are  indicated  the  limits  for  Bessemer  steel  of 
carbon,  phosphorus  and  manganese,  given  in  the  specifications  for  steel 
rails  shown  in  the  Proceedings  of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association  for  1910,  part  1,  page  254 ;  namely, 
carbon,  .45  per  cent,  to  .55  per  cent. ;  phosphorus  not  to  exceed  .10  per 
cent,  and  manganese  .80  per  cent,  to  1.10  per  cent.  No  standard  has 
been  fixed  for  elongation,  but  a  line  is  shown  at  12  per  cent.,  as  ordinary 
rail  steel  will  readily  give  a  stretch  of  12  per  cent,  in  2-in.  in  rail  from 
below  the  "brittle  zone"  near  the  top  of  the  ingot. 

Broken  Rails. — The  thirteen  rails  classified  as  "broken"  are  plotted 
on  Fig.  121.  Probably  the  most  noticeable  feature  on  these  diagrams  is 
that  in  10  cases  the  carbon  is  above  the  upper  limit  of  .55  per  cent.,  in 
several  cases  considerably  so.  The  phosphorus  is,  in  general,  below  the 
maximum  limit  of  .10  per  cent.  It  is  above  in  only  two  cases  and  not 
seriously  so.  It  would  seem,  therefore,  that  taken  as  a  whole,  phosphorus 
has  not  been  a  factor  in  causing  these  failures.  Manganese  also  is 
mostly  between  the  required  limit  and  although  it  is  high  in  about  three 
cases,  it  likewise  would  seem  not  to  be  a  factor  in  causing  the  failures 
as  a  class.  The  elongation  is  low  in  four  cases  and  in  two  of  them 
so  low  that  the  material  must  be  called  "fragile."  In  eight  of  the  twelve 
cases  where  the  elongation  was  determined,  the  stretch  was  very  good, 
however,  and  it  would  seem  that  no  fault  can  be  found  with  the  material, 
even  with  the  carbon  in  general  a  little  high.  In  the  previous  lot  of 
failures  the  breaks  occurred  mostly  near  the  joint,  while  in  this  lot  they 
occurred  mostly  away  from  it,  but  in  view  of  the  results  of  tests  it 
would  seem  that  "broken"  rails  as  a  class,  cannot  be  attributed  primarily 
to  any  fault  in  the  manufacture,  but  rather  to  some  severe  and  probably 
abnormal  condition  of  handling  or  service,  although,  of  course,  hard  or 
brittle  material  breaks  down  sooner  than  strong  and  ductile  steel. 

Steel  Inclusions. — An  interesting  type  of  failure  was  shown  by  the 
open-hearth  rails,  made  at  Gary,  which  the  reports  well  show  to  have 
been  due  to  inclusions  of  scrap  steel,  mostly  Bessemer  tie  plates,  put  on 
the  bottom   of  the    molds  to  protect  the  stools   while  pouring  the  steel. 
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SPLIT      HEADS 

Weight 

65  £6 

Section 

Ptf  ft 

/1SC£ 

RaiL 

57 

58 

59 

60  61 

6£ 

63 

64 

65 

66 

67 

68 

63 

70 

71 

t    70- 

0       .60. 
V       .50  _ 

d 

.30 

1 

.re_ 

^       .10 

fc 

U)       .06- 

o 

-~^ 

P     l.20_ 
0-j     1.00- 
tf       .80- 

5  J 

*M4Q,«oO_ 
■ii 

^H  00,006  _ 
•«• 

w 

£  80«oo_ 
^*  6C000 

°>F  8_ 



Fig.   122. 


302 


A  STUDY  OF  FAILED  RAILS. 


SPLIT     HEADS 

Weight 

65  Lb. 

ioo  Lb. 

85 

100 

65 

too  lb. 

S&ction 

ASC£ 

PS 

ARA-A 

fraiL 
T»tt7T»fcer 

72 

73 

75 

76 

77 

78  90 

ei 

92 

93 

94|95 

96  97 

98 

99 

100 

101 

lot 

*•        .50 

.  • 

3    J" 

V         06 
0 

— 

— 

0       140 

• 

£       1.20 

6)     1.00 

C 

Q        BO 

12o.«ee 
«) 

•^»  IOO,  •»» 
W 
K   BQooo 

~  60,ooo 

0C\J  ,& 

■g-5 1« 

?*8 

1 

Fig.  123. 


A  STUDY  OF  FAILED  RAILS.  303 

As  this  practice  has  been   stopped  this  type  of  failure  probably  has  no 
further  interest. 

Split  Heads. — The  failures  due  to  split  heads  are  plotted  on  Figs. 
122  and  123  and  include  only  Bessemer  rails,  the  open-hearth  rails  that 
failed,  due  to  steel  inclusions,  being  omitted.  These  diagrams  show 
strikingly  that  there  is  in  general  an  excess  of  both  carbon  and  phos- 
phorus, in  some  cases  very  much  so.  The  manganese  in  general  is  very 
satisfactory  and,  it  would  seem,  was  not  a  factor  in  having  caused  these 
failures.  In  about  two-thirds  of  the  cases,  the  ductility,  as  shown  by 
the  elongation,  was  low,  in  some  of  them  very  low,  which  would  be 
apt  to  attend  the  high  carbon  and  phosphorus.  The  individual  etchings 
show  the  rails  to  be  mostly  from  the  upper  part  of  the  ingot  and  the 
high  carbon  and  phosphorus  would,  therefore,  be  due  to  segregation. 
Failures  due  to  split  heads  seem,  from  this  study,  to  be  mostly  in  rails 
from  the  upper  part  of  the  ingot,  showing  segregation  of  the  carbon  and 
phosphorus. 

CONCLUSION. 

As  a  result  of  the  study  of  the  108  failures  dealt  with  in  this  report 
and  in  report  No.  12,  I  think  rail  failures  may  be  roughly  divided  in 
two  classes,  "broken"  rails  and  "split"  rails;  the  first  class  including 
square  breaks,  angular  breaks  and  perhaps  also  broken  bases,  and  the 
second  class  including  split  heads  and  split  webs.  Broken  rails,  according 
this  lot  of  failures  and  the  failures  summarized  on  page  259  of  part  1 
of  the  1910  Proceedings  of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  constitute  about  30  per  cent.,  and  the 
split  rails  about  70  per  cent,  of  all  rail  failures.  The  material  in  about 
half  of  the  broken  rails  shows  satisfactory  on  test,  while  the  material 
in  the  other  half  shows  more  or  less  defective.  This  means,  it  would 
see^m,  that  poor  quality  in  the  rail  is  a  contributary  rather  than  a  primary 
cause  for  the  break. 

The  split  rails  generally  show  segregated  material  from  the  upper 
part  of  the  ingot.  In  fact,  this  condition  is  so  frequent  that  we  may 
say  that  in  general  split  rails  are  confined  to  this  kind  of  material. 

REPORTS  OF  INDIVIDUAL  RAILS. 

The  rest  of  this  report  deals  with   statements  and  photographs  con- 
cerning individual  rail   failures.     The  following  abbreviations   are    used : 
C — Carbon. 
P — Phosphorus. 
Mn — Manganese. 
S — Sulphur. 
Si — Silicon. 

T.  S. — Tensile  strength. 
E.  L.— Elastic  limit. 
Elong. — Elongation. 
Red.    area — Reduction    of    area. 
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(43)     BROKEN  RAIL. 

1 00- lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1902;  laid  in  May,  1902,  on  straight  line,  limestone  ballast, 
and  removed  February  23,  1910.  Angular  break  three  ft.  four  in.  from 
receiving  end  of  rail. 

0  .666;  Mn  1.38;  P  .094,  .088,  .084,  .077;  Si. 144;  T.  S.  122,190  lbs.  per 
sq.  in.;  E.  L.  78,530  lbs.  per  sq.  in.;  Elong.  in  2  in.,  14%;  Red.  area  16.51%. 


Fig.  124.    Rail  43. 


Fig.  125.    Rail  43,  Crack  in  Web,   16  ft.  from 

Receiving  End,  Extends  Entirely 

Through  Web. 
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Fig.  126.     Rail  43,  Etched  Section. 


(44)     BROKEN  RAIL. 

85-lb.  A.  S.  C.  E..  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1903,  Heat  No.  11 163;  laid  in  April,  19x13,  on  straight  line, 
gravel  ballast,  and  removed  January  11,  1910.  Angular  break  caused  by  old 
flaw  in  web  and  base  of  rail,  causing  ball  to  break  loose  from  web ; 
defect  hidden  by  splice. 

C  .530;  Mn  .78;  P  .106;  Si  .079. 


Fig.  127.    Rail  44. 
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Fig.  128.    Rail  44. 


Fig.  129.     Rail  44,  Etchbd  Skction. 


(45)     BROKEN  RAIL. 

100-Ib.  A.  S.  C.  E.j  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  July,  1905;  laid  in  July,  1905,  on  low  rail  of  one-degree  59-min. 
curve,  stone  ballast,  and  removed  November  26,  1909.  Square  break  five 
ft.  seven  in.  from  end. 

C  .570;  Mn  1.26;  P  .090;  Si  .114;  T.  S.  131,190  lbs.  per  sq.  in.;  E.  L. 
86,040  lbs.  per  sq.  in.;  Elong.  in  2  in.,  4.5%;  Red.  area  2.81%. 
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Fig 


i3o.     Rail  45- 


Fig.  i3i- 


Rail  45,  ^CHED 


Section. 
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(46)     BROKEN  RAIL. 

85-lb.  8504,  made  by  Illinois  Steel  Company,  South  Works,  August, 
1905,  Heat  No.  62062;  laid  in  August,  1005,  high  rail  on  three-degree  curve, 
cinder  ballast,  and  removed  December  9,  1909.  Base  and  web  had  been 
broken  for  some  time,  as  break  was  rusty;  ball  is  all  that  had  been  holding. 

C  .510;  Mn  .710;  P  .067;  S  .054;  Si  .19;  T.  S.  116,450  lbs.  per  sq.  in.; 
E.  L.  88,200  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15%;  Red.  area  21.2%. 


Fig.  132.     Rail  46. 


(47)     BROKEN  RAIL. 

85-lb.  A.  S.  C.  E.,  made  by  Lorain  Steel  Company,  December,  1905 ; 
laid  in  March,  1906,  on  straight  line,  ballast  of  6  in.  of  disintegrated 
granite,  and  removed  February  25,  1909.  Rail  broke  fifteen  ft.  from 
end. 

C  .525;  Mn  .990;  P  .089;  S  .060;  Si  .070;  T.  S.  98,980  lbs.  per  sq.  in.; 
E.  L.  67,061  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  12.50%  ;  Red.  area  19.9%. 
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(48)     BROKEN  RAIL. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  July,  1906,  Heat  No.  5324 ;  laid  in  May,  1907,  on  straight  line,  gravel 
ballast,  and  removed  January  16,  1910.  Angular  break ;  no  flaws  found 
at  point  of  break. 

C  .693;  Mn  1.00;  P  .100;  Si  .097;  T.  S.  133,990  lbs.  per  sq.  in.;  E.  L. 
71,200  lbs.  per  sq.  in.;  Elong.  in  2  in.,  6%;  Red.  area  6.41%. 


Fig.  133.     Rail  48. 


Fig.  134.    Rail 


Fig.  135.    Rail  48. 
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Fig.  136.    Rail  48,  Etched  Section. 

(49)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  June,  19x16;  laid  in  July,  1906,  low  rail  on  five-degree  30-min. 
curve,  limestone  ballast,  and  removed  February  21,  1910.  Square  break, 
11  ft.  1  in.  from  end,  between  ties. 

C  .704;  M'n  1. 15;  P  .084;  Si  .125;  T.  S.  127,670  lbs.  per  sq.  in.;  E.  L. 
78,230  lbs.  per  sq.  in.;  Elong.  in  2  in.,  14%;  Red.  area  21.61%. 


Fig.  137.    Rail  49. 
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Fig.  138.     Rail  49,  Etched  Section. 


(50)     BROKEN  RAIL. 

100-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  July,  1906,  Heat  No.  270;  laid  in  August,  1906,  high  rail  on  one- 
degree  31-min.  curve,  stone  ballast,  and  removed  February  20,  1910.  An- 
gular break  19  ft.  from  leaving  end. 

C  .613;  Mn  1.29;  P  .085;  Si  .062;  T.  S.  123,210  lbs.  per  sq.  in.;  E.  L. 
66,620  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  16.5% ;  Red.  area  24.70%. 


Fig.  139-    Rail  so. 
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Fig.  140.    Rail  50. 


Fig.  141.     Rail  so. 
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Fig.  142.     Rail  50,  Etched  Section. 

(51)     BROKEN  RAIL. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1906,  Heat  No.  2697 ;  laid  in  June,  1906,  low  rail  on  one- 
degree  10-min.  30-sec.  curve,  gravel  ballast,  and  removed  February  21, 
1910.     Square  break  15  ft.  from  end. 

C  .601;  Mn  1.04;  P  .077;  Si  .128;  T.  S.  124,800  lbs.  per  sq.  in.;  E.  L. 
81,130  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  14%  ;  Red.  area  17.23%. 


Fie.  143.     Rail  51. 
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Fig.  144.     Rail  51,  Etched  Section. 


(52)     BROKEN  RAIL. 

100-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar 
Thomson  Works,  February,  1909,  Heat  No.  2669;  laid  April,  1909,  high 
rail  on  two-degree  20-min.  curve,  stone  ballast,  and  removed  April  16, 
1910.     Square  break  14  in.  from  receiving  end. 

C  .642;  Mn  .91;  P  .097;  Si  .107;  T.  S.  116,970  lbs.  per  sq.  in.;  E.  L. 
75,150  lbs.  per  sq.  in. ;   Elong.  in  2  in.,  5% ;  Red.  area  4.75%. ' 


Fig.  145.    Rail  52, 
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Fig.  146.     Rail  52,  Etched  Section. 


(53)     BROKEN  RAIL. 

100-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  December,  1909,  Heat  No.  7948;  laid  January.  1910,  on  straight  line, 
limestone  ballast,  and  removed  March  11,  1910.  Angular  break  at  receiving 
end  2  ft.  8  in.  at  the  top  and  7  in.  at  the  bottom. 

C  .567;  Mn  .90;  P  .111;  Si  .079;  T.  S.  118,850  lbs.  per  sq.  in.:  E.  L. 
69,280  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15%;  Red.  area  21.49T0. 


Fig.  147.     Rail  53. 
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Fig.  148.     Rail  53,  Etched  Section. 


(54)     BROKEN  RAIL. 

85-lb.  P.  S.,  made  by  Illinois  Steel  Company,  May,  1909,  Heat  No. 
41441,  letter  "C;"  laid  June,  1909,  high  rail  on  59-min.  30-sec.  curve,  gravel 
ballast,  and  removed  February  24,  1910.  Break  six  ft.  and  one-half  in.  from 
end. 

C  .502;  Mn  .90;  P  .085;  Si  .144;  T.  S.  111,010  lbs.  per  sq.  in.;  E.  L 
73,460  lbs.  per  sq.  in.;  Elong.  in  2  in.,  21.5%;  Red.  area  34.03%. 


Fig.  149.    Rail  54. 
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Fig.  150.     Rail  54. 


Fig.  151.     Rail  54. 
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Fig.  152.     Rah,  54,  Etched  Section. 


(55)     BROKEN  RAIL. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  January,  1910,  Heat  No.  260,  letter  "A" ;  laid  March,  1910,  low  rail 
on  2-degree  curve,  limestone  ballast,  and  removed  March  17,  1910.  An- 
gular break  near  receiving  end,  4  ft.  2  in.  at  the  top  and  3  ft.  3  in.  at  the 
bottom;  web  of  rail  cracked  before  it  was  laid,  but  could  not  be  noticed. 

C  .584;  Mn  .95;  P  .095;  Si  .154;  T.  S.  58,550  lbs.  per  sq.  in.;  E.  L. 
58,550  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  o.co%  ;  Red.  area  0.00%.  Flaw  in 
specimen. 
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Fig.  154-    R*11-  55- 


Fig.  155.    Rail  55,  Etched  Section. 

(56)     FLOW  OF  METAL. 
85-lb.  P.  R  R-,  -de  by  Carnegie  Steel &  Company   May  18*  H«*  Na 
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Fig.  156.     Rail  56,  View  Showing  Side  of  Head. 


Fig.  157.    Rail  56,  Showing  Flow  of  Head. 


Fig.  158.    Rail  56,  Etched  Section. 
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(57)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Heat  No.  1184;  laid 
Tune,  1895,  on  straight  line,  gravel  ballast,  and  removed  April  23,  1910. 

C  .674;  Mn  1.02;  P  .165;  Si  .030;  T.  S.  92,280  lbs.  per  sq.  in.;  E.  L. 
92,280  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1%;  Red.  area  .82%. 


Fig.  159.     Rail  57,  Etched  Section. 

(58)     SPLIT  HEAD. 

85-lb.  P.  R.  R.  standard,  made  by  Carnegie  Steel  Company,  Edgar 
Thomson  Works,  December,  1895,  Heat  No.  6959;  laid  June,  1896,  on 
straight  line,  gravel  ballast,  and  removed  April  23,  1910.  Rail  was  split 
in  head  and  cracked  under  head. 

C  .632;  Mn  .92;  P  .161;  S  .093;  T.  S.  118,350  lbs.  per  sq.  in.; 
E.  L.  71,570  lbs.  per  sq.  in.;  Elong.  in  2  in.,  5%;  Red.  area  5-57%. 


Fig.  160.     Rail  58. 
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Fig.  161.     Rail  58,  Etched  Section. 


(59)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  December,  1895,  Heat  No.  692;  laid  January,  1896,  on  straight 
line,  gravel  ballast,  and  removed  March  16,  1910.  Two  ft.  of  split  head, 
one  ft.  from  end  of  rail,  split  diagonally  across  rail. 

C  .540;  Mn  .71;  P  .132;  Si  .100;  T.  S.  97,740  lbs.  per  sq.  in.;  E.  L. 
55,900  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  8.5% ;  Red.  area  8.62%. 


Fig.  162.     Rail  59,  Showing  Rust  Streak  Under  Head. 
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Fig.  163.     Rail  59,  Etched  Section. 


(60)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  December,  1895,  Heat  No.  6855;  laid  January,  1896,  on  straight 
line,  gravel  ballast,  and  removed  March  9,  1910.  Two  ft.  of  head  split 
diagonally  across  rail  three  ft.  from  end. 

C  .512;  Mn  .90;  P  .097;  Si  .093;  T.  S.  107,080  lbs.  per  sq.  in.;  E.  L. 
72,440  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  16% ;  Red.  area  22.87%. 


Fig.  164.    Rail  60. 
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Fig.   165.     Rail  60. 


Fig.  166.     Rail  60.  Etched  Section. 
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(61)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  January,  1898;  laid  February,  1898,  on  straight  line,  gravel  ballast, 
and  removed  January  15,  1910.  Four  ft.  of  split  head,  twelve  ft.  from 
end  of  rail. 

C  .627;  Mn  .86;  P  .175;  Si  .163;  T.  S.  1 13.190  lbs.  per  sq.  in.;  E.  L. 
97,640  lbs.  per  sq.  in.;  Elong.  in  2  in.,  3%;  Red.  area  3.18%. 


Fig.  167.     Rail  61,  Etched  Section. 


(62)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  February,  1898,  Heat  No.  2926;  laid  February,  1898,  on  straight 
line,  gravel  ballast,  and  removed  March  7,  1910.  Six  ft.  of  head  split, 
twelve  ft.  from  end  of  rail.     Split  on  inside  and  underneath. 

C  .567;  Mn  .86;  P  .144;  Si  .093;  T.  S.  107,150  lbs.  per  sq.  in.;  E.  L. 
67,690  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  7%;  Red.  area  8.01%. 
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Fig.  i 68.    Rail  62,  Etched  Section. 

(63)     SPLIT  HEAD. 

85-lb.  P.  R.  R.,  made  by  Carnegie  Steel  Company,  May,  1898,  Heat 
No.  6595 ;  laid  May,  1898,  on  straight  line,  gravel  ballast,  and  removed 
April  13,  1910.  Two  ft.  of  split  head,  three  ft.  six  in.  from  end  of  rail ; 
split  underneath. 

C  .595;  Mn  .83;  P  .120;  Si  .149;  T.  S.  116,450  lbs.  per  sq.  in.;  E.  L. 
72,440  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  15% ;  Red.  area  20.07%. 


Fig.  169.    Rail  63,  Etched  Section. 
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(64)     SPLIT  HEAD. 

85-lb.  P.  R.  R-,  made  by  Carnegie  Steel  Company,  April,  1898,  Heat 
No.  6601 ;  laid  May,  1898,  on  straight  line,  gravel  ballast,  and  removed 
March  12,  1910.  Two  ft.  four  in.  of  split  head,  two  ft.  eight  in.  from  end 
of  rail ;  split  underneath.  . 

C  .531;  Mn  .71;  P  .118;  Si  .102;  T.  S.  105,470  lbs.  per  sq.  in.;  E.  L. 
65,640  lbs.  per  sq.  in.;  Elong.  in  2  in.,  18%  ;  Red.  area  26.12%. 


Fig.  170.     Rail  64,  Etched  Section. 

(65)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 

Works,  May,  1899,  Heat  No.  6521 ;  laid  May,  1899,  on  straight  line,  gravel 

ballast,  and  removed  May  7,  1910.    Twelve  in.  of  split  head,  five  ft.  from 

receiving  end.  . 

C  .612;  Mn  .97;   P  .089;  Si  .146;  T.  S.  109,410  lbs.  per  sq.  in.;  E.  L. 
82,210  lbs.  per  sq.  in.;  Elong.  in  2  in.,  2.5%;  Red.  area  2.81%. 


Fig.  171.    Rail  65,  Showing  Crack  Under  Head. 
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Fig.  172.     Rail  65,  Etched  Section. 


(66)    -SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1899,  Heat  No.  1527;  laid  May,  1899,  on  straight  line,  gravel 
ballast,  and  removed  March  7,  1910.  Twelve  in.  of  split  head,  five  ft.  from' 
receiving  end. 

C  .605;  Mn  .95;  P  .105;  Si  .121;  T.  S.  97,910  lbs.  per  sq.  in.;  E.  L. 
73,150  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3% ;  Red.  area  0.00%.  Specimen 
broke  at  fillet. 


Fig.  173.     Rail  66,  Showing  Crack  Under  Head. 
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Fig.  174.     Rail  66,  Etched  Section. 

(67)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works.  May,  1899,  Heat  No.  5622;  laid  May,  1899,  on  straight  line,  gravel 
ballast,  and  removed  May  7,  1910.  Ten  in.  of  split  head,  three  ft.  from  re- 
ceiving end. 

C  .593;  Mn  1.05;  P  .098;  Si  .149;  T.  S.  106,270  lbs.  per  sq.  in.;  E.  L. 
82,420  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.5%  ;  Red.  area  4.33%. 


Fig.  175.     Rail  67. 
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Fig.  176.     Rail  67,  Etched  Section. 


(68)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1899,  Heat  No.  8589;  laid  April,  1905,  on  straight  line,  gravel 
ballast,  and  removed  March  31,  1910.  Split  head  accompanied  by  seam  in 
rail,  defect  starting  fifteen  ft.  from  end  of  rail  and  extending  for  two  ft. 
Rail  watched  for  ten  months. 

C  .613;  Mn  .90;  P  .111;  Si  .128;  T.  S.  74,330  lbs.  per  sq.  in.;  E.  L. 
74,330  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1%;  Red.  area  .76%. 


Fig.  177.     Rail  68. 
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Fig.  178,  Rail  68. 


Fig.  179.     Rail  68,  Etched  Section. 

(69)     SPLIT  HEAD. 

«7  ?5~lbT;A  ,S-  Co  E->  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works.  March,  1899,  Heat  No.  10901 ;  laid  May,  1899,  on  straight  line 
gravel  ballast,  and  removed  April  27,  1910.  Crack  on  top  of  ball  three  ft. 
ong  and  crack  underneath  ball  eleven  ft.  long  and  about  nine  ft  from 
leaving  end. 

C  .623;  Mn  .88;  P  .106;  Si  .11.1;  T.  S.  122,140  lbs.  per  sq.  in.;  E.  L 
77,»6o  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  5.5% ;  Red.  area  0.00%.  Broke  in 
thread. 
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Fig.  180.     Rail  69,  Crack  Under  Head. 


Fig.  181.     Rail  69,  Etched  Section. 


(70)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  October,  1900,  Heat  No.  24321,  Bessemer  steel ;  laid  October,  1909, 
low  rail  on  2-degree  curve,  gravel  ballast,  and  removed  March  21,  1910 
Split  head  accompanied  by  seam,  defect  starting  fifteen  ft.  from  end  and 
extending  four  ft. 

C  .545;  Mn  .91;  P  .124;  Si  .102;  T.  S.  115,130  lbs.  per  sq.  in.;  E.  L. 
77,710  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15%;  Red  area  18.30%. 
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Fig.  182.     Rail  70. 


Fig.  183.     Rail  70.  Etched  Section. 


(71)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  May,  1902;  laid  July,  1902,  on  straight  line,  gravel  ballast,  and  re- 
moved March  8,  1910.     Seven  ft.  of  split  head  at  receiving  end. 

C  .505 ;  Mn  .63 ;  P  .096 ;  Si  .042 ;  T.  S.  88,660  lbs.  per  sq.  in. ;  E.  L. 
55,490  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  10% ;  Red.  area  12.83%. 
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Fig.  184.     Rail  71,  Showing  Sag  of  Head  and  Crack  Under  Head. 


Fig.  185.     Rail  71,  Etched  Section. 


(72)     SPLIT  HEAD. 

85- lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  January,  1903,  Heat  No.  270;  laid  1903,  on  straight  line,  gravel 
ballast,  and  removed  March  12,  1910.  This  rail  was  split  through  head, 
along  side  of  stem  about  sixteen  in.  long  and  about  twenty-four  in.  from 
receiving  end,  on  inside  of  rail.     No  seams  or  hollow-head. 

C  .709;  Mn  .80;  P  .194;  Si  .037;  T.  S.  131,980  lbs.  per  sq.  in.;  E.  L. 
88,140  lbs,  per  sq.  in,;  Elong.  in  2  in.,  5.5%;  Red.  area  4.36%. 


Fig.  186.     Rail  J2. 


Fig.  187.    Rail  yz,  Etched  Section. 
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(73)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  January,  1903,  Heat  No.  140;  laid  April,  1903,  on  straight  line, 
gravel  ballast,  and  removed  April  18,  1910.  There  is  a  crack  which  started 
about  five  ft.  from  receiving  end  on  inside  and  is  about  seven  ft.  long, 
and  on  the  outside  it  is  about  fifteen  ft.  long.  Split  is  in  web  just  under 
ball  of  rail. 

C  .530;  Mn  .61;  P  .150;  Si  .064;  T.  S.  85,690  lbs.  per  sq.  in.;  E.  L. 
52,980  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  4% ;  Red.  area  5.5%. 


Fig.  188.    Rail  73,  Etched  Section. 


(74)     SPLIT  HEAD. 

80-lb.  A.  S.  C.  E.,  made  by  Tennessee  Coal  &  Iron  Company,  Sep- 
tember, 1903,  Open-Hearth,  Heat  No.  10722 ;  laid  September,  1903,  high 
rail  on  2-degree  curve,  gravel  ballast,  and  removed  December  11,  1909. 
Top  of  rail  battered  twelve  ft.  from  end. 

C  .620;  Mn  1.08;  P  .095;  S  .020;  T.  S.  129,880  lbs.  per  sq.  in.;  E.  L. 
89,270  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  12.5% ;  Red.  area  16.6%. 
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Fio.*i8c).     Rail  74,  Top  View  Showing  Scaly  Head. 


Fig.  190.     Rail  74,  Side  View  Showing  Scales  on  Top  of  Head. 


Fig.  191.    Rail  74. 
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Fig.  192. 


Rail  74,  Etched  Cross-section  lA  in. 
from  Break. 


(75)     SPLIT  HEAD. 

85-lb.  A.  S.  C.  E.,  made  by  Lorain  Steel  Company,  December,  1905, 
Heat  No.  7531 ;  laid  March,  1906,  on  straight  line,  rock  ballast,  and  re- 
moved December  18,  1909.  Flaw  along  the  web,  commencing  two  ft.  from 
end  and  extending  four  and  a  half  ft.  just  under  the  ball  of  rail. 

C  .670;  Mn  .655;  P  .142;  S  .124;  Si  .057;  T.  S.  129,081  lbs.  per  sq.  in.; 
E.  L.  80,969  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  6.25% ;  Red.  area  7.09%. 


Fig.  193.    Rail  75,  Crack  Under  Head— Outside. 
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Fig.  194.     Rail  75,  Crack  Under  Head — Inside. 


Side. 


Fig.  195.     Rail  75,  Etched  Section. 

(76)     SPLIT  HEAD. 

100-lb.  A.  S.  C.  E.  icooi,  made  by  Illinois  Steel  Company,  May,  1907, 
Heat  No.  544804;  laid  September,  1907,  on  straight  line,  and  removed  Sep- 
tember 21,  1909.  About  three  ft.  from  end  rail  flattened  out  for  about 
six  ft.  long  and  separated  from  neck  of  rail. 

C  .588;  P  .122;  Mn  .958;  S  .082;  Si  .099;  T.  S.  115,480  lbs.  per  sq.  in.; 
E.  L.  62,360  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  12.5% ;  Red.  area  22.5%. 
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Fig.  196.     Rail  76,  Crack  Uneer  Head. 


Fig.  197.     Rail  76,  Etched  Section, 
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(77)     SPLIT  HEAD. 

ioo-lb.  P.  S.,  made  by  Cambria  Steel  Company,  December,  1907,  Hear 
No.  27759,  letter  "A"  ;  laid  August,  1908,  on  straight  line,  limestone  bal- 
last, and  removed  March  17,  1910.  Split  head,  beginning  15  in.  from  end 
and  extending  two  ft. 

C  .607;  Mn  .97;  P  .116;  Si  .C95  ;  T.  S.  118,120  lbs.  per  sq.  in.;  E.  L. 
82,140  lbs.  per  sq.  in.;  Elong.  in  2  in.,  7%;  Red.  area  7.49%. 


Fig.  198.    Rail  77,  Crack  on  Head. 


Fig.  199.     Rail  77. 
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Fig.  200.     Rail  77,  Etched  Section. 


(78)     SPLIT  HEAD. 

100-lb.  P.  S.,  made  by  Cambria  Steel  Company,  November,  1907;  laid 
August,  1908,  low  rail  on  6-degree  5-min.  curve,  limestone  ballast,  and  re- 
moved November  20,  1909.  Split  head  four  ft.  from  receiving  end,  defect 
one  ft.  and  ten  in.  long. 

C  .603;  Mn  1.06;  P  .120;  Si  .098;  T.  S.  118,610  lbs.  per  sq.  in.;  E.  L 
77,970  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  16.5% ;  Red.  area  29.86%. 


Fig.  201.     Rail  78. 
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Fig.  202.     Rail  78. 


Fig.  203.    Rail  78,  Etched  Section. 


(79)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  55069,  Letter  "G" ;  laid  June,  1909,  straight  line, 
gravel  ballast,  and  removed  February  23,  1910. 

C  .682;  Mn  .69;  P  .047;  Si  .130;  T.  S.  113,200  lbs.  per  sq.  in.;  E.  L. 
78,260  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  13.5% ;  Red.  area  16.92%. 

Comments  by  R.  W.  Hunt  &  Company : 

An  examination  of  the  etching  indicates  that  the  cause  of  the  failure 
was  the  inclusion  of  soft  steel,  as  a  result  of  scrap  material  used  on  the 
ingot  stools,  as  described  in  previous  reports.  Drillings  were  taken  from 
the  included  material  "A"  in  the  photograph,  and  our  analysis  showed 
results  as  follows : 

Carbon  by  combustion  118% 

Phosphorus    102% 

Aside  from  this  included  material  the  chemical  and  physical  character 
of  the  steel  is  excellent. 
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Fig.  204.     Rail  79. 


Fig.  205.     Rail  79.  Cut  iS  in.  from  Receiving  End. 


Fig.  206.    Rail  79,  Etching  Showing  Steel  Inclusions. 
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(80)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  8530;  laid  May,  1909,  low  rail  on  3-degree  42-min. 
30-sec.  curve,  gravel  ballast,  and  removed  February'  1,  1910.  Two  in.  of 
head  split,  10  ft.  6  in.,  15  ft.  8  in.,  .16  ft.  10  in.  from  end  of  rail. 

C  .737;  Mn  .75;  P  .031;  Si  .111;  T.  S.  117,170  lbs.  per  sq.  in.;  E.  L 
88,280  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  15%  ;  Red.  area  22.52%. 


Fig.  207.  .  Rail  80. 


Fig.  20S.    Rail  80,  Etching  Showing  Steel  Inclusion. 
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(81)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  8530;  laid  May,  1909,  low  rail  on  3-degree  43-min. 
30-sec.  curve,  gravel 'ballast,  and  removed  February  14,  1910.  Twelve  ft. 
of  split  head,  eight  ft.  from  end.  Metal  on  top  of  ball  scaled  off  before 
defect  was  noticed. 

C  .754;  Mn  .69;  P  .039;  Si  .135;  T.  S.  129,550  lbs.  per  sq.  in.;  E.  L. 
78,170  lbs.  per  sq.  in.;  Elong.  in  2  in.,  14%;  Red.  area  10.17%. 


Fig.  209.    Raid  81,  Crack  on  Top  of  Head. 


Fig.  210.     Rail  81,  Cut  14  ft.  6  in.  from  End. 
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Fig.  211.    Rail  8i,  Etching  Showing  Steel  Inclusion. 


(82)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  8530;  laid  May,  1909,  high  rail  on  3-degree  43-min. 
30-sec.  curve,  gravel  ballast,  and  removed  February  14,  1910.  Twenty-two 
ft.  of  split  head,  eight  in.  from  end.  Metal  on  top  of  ball  scaled  off  before: 
defect  was  noticed. 

C  .685;  Mn  .74;  P  .034;  Si  .167;  T.  S.  114,770  lbs.  per  sq.  in.;  E.  L. 
69,590  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  16% ;  Red.  area  22.87%. 

Comments  by  R.  W.  Hunt  &  Company : 

It  is  apparent  from  a  consideration  of  the  etching  that  the  cause  of 
the  failure  was  the  inclusion  of  soft  steel.  Aside  from  this  the  character 
of  the  steel  is  quite  satisfactory. 


Fig.  212.     Rail  82,  Crack  on  Top  of  Head. 
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Fig.  213.     Rail  82,  Cut  8  ft.  6  in.  from  End. 


Fig.  214.    Rail  82,  Etched  Section. 
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(83)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  6043,  Letter  "B";  laid  May,  1909,  on  straight  line, 
gravel  ballast,  and  removed  March  4,  1910.  Small  defects  run  entire  length 
of  rail  from  one  to  two  ft.  apart. 

C  .754;  Mn  .75;  P  .031;  Si  .110;  T.  S.  120.800  lbs.  per  sq.  in.;  E.  L. 
80,010  lbs.  per  sq.  in.;  Elong.  in  2  in.,  13.5%;  Red.  area  i8.7r;. 

Comment  by  R.  W.  Hunt  &  Company : 

The  etching  indicates  that  the  cause  of  the  failure  of  this  rail  was  the 
inclusion  of  soft  steel  in  the  casting  of  the  rail  ingots  at  the  time  of  manu- 
facture, as  has  been  described  in  a  previous  report. 


Fig.  215.     Rail  83,  Showing  Spread  of  Head. 


Fig.  216.     Rail  83,  Etched  Section. 
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(84)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  50069,  Letter  "G"  ;  laid  June,  1909,  on  gravel  ballast, 
and  removed  February  15,  1910.  Split'  head  accompanied  by  seam,  defect 
seven  and  one-half  ft.  long. 

C  .813 ;  M11  .70 ;  P  .022 ;  Si  .082 ;  T.  S.  120,380  lbs.  per  sq.  in. ;  E.  L. 
82,270  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  13% ;  Red.  area  8.23%. 

Comment  by  R.  W.  Hunt  &  Company : 

It  is  apparent  from  a  consideration  of  the  etching  that  the  inclusion 
of  soft  steel  was  the  cause  of  the  failure.  Aside  from  this  the  steel  showed 
quite  a  satisfactory  character. 


Fig.  217.     Rail  84,  Showing  Crack  on  Head. 


Fig.  218.    Rail  84,  End  of  Rail 
Showing  Split. 


Fig.  219.     Rail  84,  Cut  6  ft.  2  in.  from  End. 
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Fig.  220. 


Rail  84,  Etched  Section  Showing 
Steel  Inclusion. 


(85)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  55058,  Letter  "G" ;  laid  June,  1909,  on  straight  line, 
gravel  ballast,  and  removed  February  15,  1910.  Split  head  sixteen  ft.  in 
length,  accompanied  by  flaw  in  metal. 

C  .712;  Mn  .83;  P  .038;  Si  .161;  T.  S.  119,770  lbs.  per  sq.  in.;  E.  L. 
72,490  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15.5%;  Red.  area  22.21%. 

Comments  by  R.  W.  Hunt  &  Company : 

A  consideration  of  the  etching  indicates  the  cause  of  this  failure 
was  the  inclusion  of  soft  steel.  We  made  certain  analysis  on  the  ribbon 
of  soft  steel  from  the  corner  of  the  head  and  found  results  as  follows : 

Carbon  by  color   26  % 

Phosphorus    -093% 

This  analysis  is  practically  the  same  as  that  of  the  tie-plate  steel  which 
was  used  on  the  ingot  stools  to  prevent  sticking.  The  analysis,  tensile  test 
and  etching  indicates  that  the  steel  aside  from  this  inclusion  was  of  ex- 
cellent character. 


Fig.  221.    Rail  85,  Showing  Slivered  Head. 


352 


A  STUDY  OF  FAILED  RAILS. 


Fig.  222.     Rail  85,  Cut  8  ft.  7  in.  from  End. 


Fig.  223.     Rail  85,  Etched  Section  Showing 
Steel  Inclusion. 
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85-lb.  P.  S.  0.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  55085,  Letter  "C";  laid  June,  1909,  on  straight  line, 
gravel  ballast,  and  removed  February  15,  1910.  Split  head,  defect  being 
five  and  one-half  ft.  in  length  and  seven  ft.  from  end  of  rail. 

C  .642;  Mn  .66;  P  .030;  Si  .082;  T.  S.  105,090  lbs.  per  sq.  in.;  E.  L 
57,510  lbs.  per  sq.  in.;  Elong.  in  2  in.,  18%  ;  Red.  area  21.49%. 


Fig.  224.     Rail  86,  Showing  Split  at  Side  of  Head. 


Fig.  225.     Rail  86,  Cut  8  ft.  3  in.  from  End,  Showing  Slivered  Head. 


Fig.  226.     Rail  86,  Etched  Section  Showing 
Steel  Inclusion. 
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(87)     SPLIT  HEAD. 

85-lb.  P.  S.  O.  H.,  made  by  Illinois  Steel  Company,  Gary  Works, 
March,  1909,  Heat  No.  2932,  Letter  "B" ;  laid  May,  1909,  on  straight  line, 
gravel  ballast;  removed  March  4,  1910.  Ten  in.  of  split  head,  thirteen  ft. 
five  in.  from  end  of  rail. 

C  .752;  Mn  .76;  P  .045;  Si  .105;  T.  S.  121,500  lbs.  per  sq.  in.;  E.  L. 
72,600  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  13%  ;  Red.  area  15.52%. 


Fig.  227.     Rail  87,  Top  of  Head  Showing  Sliver  Removed. 


Fig.  228.     Rail  87. 
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Fig.  229.    Rail  87,  Etched  Section  Showing 
Steel  Inclusion  at  Top.  of  Head. 

(88)     SPLIT  HEAD. 

85-lb.  8504,  made  by  Illinois  Steel  Company,  Gary  Works,  September. 
1909,  Open-Hearth,  Heat  No.  54348,  Letter  "H";  laid  October,  1909,  on 
straight  line,  Chillicothe  gravel,  and  removed  January  19,  1910.  Battered 
top,  rail  slivering  off  about  seven  ft.  at  center  of  rail,  about  one-quarter  in. 
deep  toward  gage  side. 

C  .560;  Mn  .737;  P  .056;  S  .042;  Si  .13;  T.  S.  124,870  lbs.  per  sq.  in.; 
E.  L.  77,745  lbs.  per  sq.  in.;  Elong.  in  2  in.,  15%;  Red.  area  18.30%. 


Fig.  230.     Rail  88,  Side  View  Showing  Slivered  Head. 
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Fig.  231.     Rail  88,  Top  of  Head  Showing  Sliver  Removed. 


Fig.  232.     Rail  88,  Etched  Section  Showing 
Steel  Inclusion  at  Top  of  Head. 
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(89)     SPLIT  HEAD. 

85-lb.  8504,  made  by  Illinois  Steel  Company,  Gary  Works,  September, 
1909,  Open-Hearth,  Heat  No.  45145,  Letter  "E" ;  laid  October,  1909,  on 
straight  line,  gravel  ballast,  and   removed   February   10,  1910. 

C  .530;  Mn  .67;  P  .034;  S  .047;  Si  .12;  T.  S.  115,280  lbs.  per  sq.  in.; 
E.  L.  78,700  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  13.5% ;  Red.  area  19.3%. 


Fig.  233.    Rail  89,  Top  of  Head  Showing  Slivered  Condition. 


Fig.  234.    ;Rail  89,  Side  View  Showing  Slivered  Head. 
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Fig.  235.    Rail  89,  Etched  Section  Showing 
"Streak"  in  Head.  Web  and  Base. 


(90)     SPLIT  HEAD. 

100-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar 
Thomson  Works,  February,  1909,  Heat  No.  2729,  Letter  "B"  ;  laid  April, 
1909,  low  rail  on  3-degree  3-min.  curve,  stone  ballast,  and  removed  March 
14,  1910.  About  five  ft.  from  end,  flattened  place  about  three  and  one-half 
ft.  long  shows  crack  underneath  and  on  top  of  ball. 

C  .636;  Mn  .85;  P  .105;  Si  .095;  T.  S.  102,100  lbs.  per  sq.  in.;  E.  L 
67,690  ibs.  per  sq.  in. ;  Elong.  in  2  in.,  3.5% ;  Red.  area  3.22%. 


Fig.  236.    Rail  90,  Cut  6  ft.  4  in. 
from  Receiving  End. 
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Fig.  237.     Rail  90,  Etched  Section. 


(91)     SPLIT  HEAD. 

85-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar 
Thomson  Works,  November,  1909,  Heat  No.  4553,  Letter  "C" ;  laid 
March,  1909,  low  rail  on  5-degree  curve,  limestone  ballast,  and  removed 
March  12,  1910.  Beginning  four  ft.  nine  and  one-half  in.  from  end,  ball 
crushed  for  distance  of  seven  ft.  six  in. ;  also  cracked  under  ball  for  three 
ft.  six  in.,  beginning  seven  ft.  six  in.  from  end ;  split  head,  ball  being  split 
at  end  of  rail. 

C  .771;  Mn  .94;  P  .133;  Si  .068;  T.  S.  102,030  lbs.  per  sq.  in.;  E.  L. 
78,840  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1%;  Red.  area  1.98%.  Specimen 
broke  at  fillet. 


Fig.  238.     Rail  91. 
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Fig.  239.     Rail  91,  Cut  9  ft.  5  in.  from  Leaving  End. 


Fig.  240.     Rail  91,  Etched  Section. 
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(92)     SPLIT  HEAD. 
85-lb.    P.    S.    Bessemer,    made    by    Carnegie    Steel    Company,    Edgar 
Thomson  Works,  November,  1909,  Heat  No.  4452,  Letter  "C" ;  laid  April, 

1909,  low  rail  on  4-degree  curve,  limestone  ballast,  and  removed  May  12. 

1910.  Web  cracked,  beginning  one  and  one-half  ft.  from  receiving  end  and 
extending  for  a  distance  of  four  and  one-half  ft. 

C  .752;  Mn  .74;  P  .138;   Si  .051;  T.  S.   107,280  lbs.  per  sq.  in.;  E.  L. 
80,340  lbs.  per  sq.  in.;  Elong.  in  2  in.,  3.5%;  Red.  area  3.16%. 


Fig.  241. 


Rail  92,  Side  View  of  Inside  of  Rail  Showing  Crack 
Under  Head. 


Fig.  242.     Rail  92,  Side  View  of  Outside  of  Rail  Showing  Crack 
Under  Head. 


Fig.  243. 


Rail  92,  Side  View  Showing  Crack  Under  Head  and 
Angular  Crack  in  Web. 
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Fig.  244.    Rail  92,  Cut  6  ft.  from  Receiving  End. 


Fig.  245.     Rail  92,  Etched  Section. 
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(93)     SPLIT  HEAD. 

ioo-Ib.  P.  S.,  made  by  Carnegie  Steel  Company.  Edgar  Thomson 
Works,  March,  1909,  Heat  No.  7135,  Letter  "B";  laid  October,  1909.  high 
rail  on  6-degree  12-min.  curve,  limestone  ballast,  and  removed  March  14, 
1910.     Split  head,  beginning  at  end  and  extending  twenty  in. 

C  .780;  Mn  .96;  P  .126;  Si  .077;  T.  S.  76,280  lbs.  per  sq.  in.;  E.  L. 
76,280  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1%;  Red.  area  0.82%. 


Fig.  246.     Rail  93,  End  of  Rail. 


Fig.  247.    Rail  93.     Etched  Section. 
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(94)     SPLIT  HEAD. 

100-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works.  March,  1909,  Heat  No.  7131,  Letter  "B";  laid  April,  1909,  low  rail 
on  2-degree  45-min.  48-sec.  curve,  limestone  ballast,  and  removed  March 
4,  1910.  Split  head,  beginning  seven  in.  from  end  and  continuing  a  dis- 
tance of  two  ft.  three  in. 

C  .755;  Mn  .81;  P  .113;  Si  .056;  T.  S.  88,550  lbs.  per  sq.  in.;  E.  L. 
82,290  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1%;  Red.  area  0.00%.  Specimen 
broke  in  the  threads. 


Fig   248.     Rail  94,  Showing  Crack  on  Top  of  Head. 


Fig.  249.    Rail  94. 
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Fig.  250.     Rail  94,  Etched  Section. 


(95)     SPLIT  HEAD. 

100-lb.  P.  S.  Bessemer,  made  by  Carnegie  Steel  Company,  Edgar 
Thomson  Works,  February,  1909,  Heat  No.  2749,  Letter  "B"  ;  laid  March, 
1909,  low  rail  on  3-degree  3-min.  curve,  stone  ballast,  and  removed  April 
13,  1910.  Battered  place  three  and  one-half  ft.  from  end,  extending  three 
ft.;  also  cracked  twenty  in.  under  ball. 

C  .576;  Mn  .71;  P  .099;  Si  .096;  T.  S.  84.200  lbs.  per  sq.  in.;  E.  L. 
70,350  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  2% ;  Red.  area  2.40%. 
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Fig.  251.    Rail  95,  Showing  Crack  in  Web. 
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Fig.  252.     Rail  95,  Cut  4  ft.  4  jn. 
from  Receiving  End. 


Fig.  253.     Rail  95,  Etched  Section. 
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(96)     SPLIT  HEAD. 

85-lb.  P.  S.  Bessemer,  made  by  Illinois  Steel  Company,  South  Works, 
February,  1909,  Heat  No.  27406,  Letter  "A";  laid  April,  1909,  low  rail  on 
4-degree  curve,  gravel  ballast;  removed  March  16,  1910.  Eighteen  in.  of 
split  head,  five  ft.  six  in.  from  leaving  end. 

C  .557;  Mn  .74;  P  .127;  Si  .135;  T.  S.  107,100  lbs.  per  sq.  in.;  E.  L. 
56,150  lbs.  per  sq.  in.;  Elong.  in  2  in.,  21%;  Red.  area  32.92%. 


Fig.  254.     Rail  96,  Showing  Crack  Under  Head. 
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Fig.  255.     Rail 


Fig.  256.    Rail  96,  Etched  Section. 
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(97)     SPLIT  HEAD. 

ioo-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1909,  Heat  No.  7188,  letter  "B";  laid  April,  1909,  low  rail 
on  3-degree  10-min.  curve,  stone  ballast,  and  removed  March  12,  1910. 
Split  head,  beginning  five  ft.  from  end  and  continuing  a  distance  of 
eight  ft. 

C  .712;  Mn  .98;  P  .108;  Si  .070;  T.  S.  128,170  lbs.  per  sq.  in.;  E.  L 
86,250  lbs.  per  sq.  in.;  Elong.  in  2  in.,  13%;  Red.  area  17.59%. 


Fig.  257.     Rail  97. 


Fig.  258.    Rail  97,  Etched  Section. 
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(98)     SPLIT  HEAD. 

100-lb.  A.  R.  A.-"A",  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  March,  1909,  Heat  No.  7264,  letter  "B" ;  laid  May,  1909,  on 
straight  line,  gravel  ballast,  and  removed  March  5,  1910.  Flaw  starts 'one 
ft.  two  in.  from  end,  extending  four  ft. ;  also  flaw  thirteen  ft.  from  end, 
extending  two  ft.  eight  in. 

C  .888;  Mn  .98;  P  .126;  Si  .089;  T.  S.  87,220  lbs.  per  sq.  in.;  E.  L. 
86,810  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  0.50% ;  Red.  area  0.41%. 


Fig.  259.     Rail  98,  Cut  i  ft.  10  in. 
from  Leaving  End. 


Fig.  260.    Rail  98,  Cut  i  ft.  10  in. 
from  Leaving  End. 
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•  Fig.  261.     Rail  q8,  Etched  Section. 

(99)     SPLIT  HEAD. 

100-lb.  A.  R.  A. -"A.",  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  March,  1909;  laid  May,  1909,  on  straight  line,  gravel  ballast, 
and  removed  March  3,  1910.  Web  split  in  two  places.  First  split  begins 
8  in.  from  end  and  extends  3  ft.  9  in.  Second  begins  6  in.  from  end  and 
extends  8  ft.  6  in. 

C  .766;  Mn  1.02;  P  .143;  Si  .065;  T.  S.  89,100  lbs.  per  sq.  in.;  E.  L. 
89,100  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  0.00% ;  Red.  area  .76%. 


Fig.  262.     Rail  99,  Cut  2  ft.  from 
Leaving  End. 
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Fig.  263.     Rail  99,  Etched  Section. 

(100)     SPLIT   HEAD. 

ico-lb.  A.  R.  A.-"A.",  made  by  Carnegie  Steel  Company,  Edgar  Thorn-' 
son  Works,  March,  1909,  Heat  No.  7323,  letter  "B";  laid  May,  1909,  high 
rail  on  49-min.  50-sec.  curve,  gravel  ballast,  and  removed  March  5,  1910 
Web  cracked,  beginning  at  third  bolt  hole  and  extending  eighteen  in. 

C  .644;  Mn  i.co;  P  .106;  Si  .061;  T.  S.  116,560  lbs.  per  sq.  in.:  E.  L 
77,640  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.00% ;  Red.  area  3.92%. 


Fig.  264.    Rail  100,  Cut  i  ft.  10  in.  from  Leaving  End. 
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Fig.  265.     Rail  100,  Etched  Section. 

(101)     SPLIT   HEAD. 

100-lb.  A.  R.  A. -"A",  Bessemer,  made  by  Carnegie  Steel  Company, 
Edgar  Thomson  Works,  March,  1909,  Heat  No.  7288,  Letter  "B"  ;  laid  No- 
vember, 1909,  low  rail  on  7-degree  45-min.- curve,  limestone  ballast,  and 
removed  April  14,  1910.    Head  of  rail  split  nine  in.  at  end  of  rail. 

C  .864;  Mn  1.01 ;  P  .157;  Si  .105;  T.  S.  107,360  lbs.  per  sq.  in.;  E.  L. 
78,730  lbs.  per  sq.  in.;  Elong.  in  2  in.,  1.50%;  Red  area  2.40%. 


Fig.  266.    Rail  ioi,  Showing  Split  and  Mashed  End. 
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Fig.  267.     Rail  ioi,  Etched  Section. 


(102)     SPLIT   HEAD. 

100-lb.  A.  R.  A.-"A.",  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  March,  1909,  Heat  No.  6748,  letter  "B" ;  laid  June,  1909,  high 
rail  on  6-degree  14-min.  curve,  limestone  ballast,  and  removed  May  11, 
1910.  Beginning  twelve  and  one-half  ft.  from  receiving  end,  rail  split 
four  ft. 

C  .540;  Mn  .94;  P  .095;  Si  .072;  T.  S.  102,090  lbs.  per  sq.  in.;  E.  L. 
70,450  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  4.5% ;  Red.  area  5.5%. 


Fig.  268.     Rail  102. 
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Fig.  269.     Rail  102,  Cut  12  ft.  9  in.  from 
Leaving  End. 


Fig.  270.     Rail  102,  Etched  Section. 
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(103)     SPLIT  HEAD. 

85-lb.  P.  S.  Standard,  made  by  Carnegie  Steel  Company,  Edgar  Thom- 
son Works,  January,  1910,  Bessemer  steel,  Heat  No.  542,  letter  "C".  Split 
head  about  ten  ft.  seven  in.  from  end.    This  rail  was  never  in  track. 

C  .475;  Mn  .80;  P  .088;  Si  .128;  T.  S.  102,250  lbs.  per  sq.  in.;  E.  L. 
53,270  lbs.  per  sq.  in. ;  Elong.  in  2  in..  22.5%  ;  Red.  area  37.98%. 


Fig.  271.     Rail  103,  Side  View  Showing  Flaw  in  Head. 


Fig.  272.     Rail  103,  Cut  10  ft.  7  in.  from  End. 
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Fig.  273.    Rail  103,  Etched  Section. 

(104)     SPLIT    WEB. 

100-lb.  P.  S.  Bessemer,  made  January,  1910,  Heat  No.  76981,  letter  "D.v 
New  rail  found  defective  before  being  laid.  Commencing  in  second  bolt 
hole  and  extending  twenty  in.  through  web  of  rail,  caused  by  flaw. 

C  .566;  Mn  .88;  P  .093;  Si  .072;  T.  S.  117,840  lbs.  per  sq.  in.;  E.  L 
74,590  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  17% ;  Red.  area  26.43%. 


Fig.  274.    Rail  104,  Showing  Crack  in  Web. 
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Fig.  275.    Rail  104,  Etched  Section. 


(105)     SPLIT  WEB. 


85-lb.  P.  S.  Bessemer,  made  by  Cambria  Steel  Company,  January, 
1909,  Heat  No.  28367,  letter  "C" ;  laid  January,  1909,  on  straight  line,  stone 
ballast,  and  removed  April  21,  1910.    Defective  joint  split  fourteen  in. 

C  .517;  Mn  .97;  P  .097;  Si  .098;  T.  S.  114,010  lbs.  per  sq.  in.;  E.  L 
76,460  lbs.  per  sq.  in.;  Elong.  in  2  in.,  18.5%;  Red.  area  30.11%. 


Fig.  276.    Rail  105. 
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Fig.  2jj.    Rail  105,  Etched  Section. 


(106)     SPLIT   WEB. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  January,  1910,  Heat 
No.  1571,  letter  "A" ;  laid  May,  1910,  on  straight  line,  gravel  ballast,  and 
removed  May  31,  1910.  No  flaws  visible.  Break  occurred  while  applying 
angle  bars  and  caused  bv  blow  from  spike  maul. 

C  .680;  Mn  1.07;  P  .114;  Si  .128;  T.  S.  117,830  lbs.  per  sq.  in.;  E.  L. 
78,600  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  3.5% ;  Red.  area  3.57%. 


Fig.  278.     Rail  106. 
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Fig.  279.     Rail  106,  Etched  Section. 


(107)     SPLIT  WEB. 

85-lb.  P.  S.,  made  by  Carnegie  Steel  Company,  January,  1910,  Heat 
No.  1534,  letter  "B" ;  laid  March,  1910,  on  straight  line,  gravel  ballast,  and 
removed  May  26,  1910.  . 

C  .637;  Mn  1.07;  P  .083;  Si  .119;  T.  S.  109,830  lbs.  per  sq.  in.;  E.  L. 
86,040  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  5.00%  ;  Red.  area  5-09%. 


Fig.  280.     Rail  107. 
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Fig.  281.     Rail  107,  Etched  Section. 


(108)     SPLIT   WEB. 

100-lb.  P.  S.  O.  H.,  made  by  Carnegie  Steel  Company,  Edgar  Thomson 
Works,  March,  1909,  Heat  No.  54088;  laid  April,  1909,  on  straight  line, 
gravel  ballast,  and  removed  March  10,  1910.  Split  twelve  in.  in  length 
twenty  in.  from  end  in  web  rail. 

C  .623;  Mn  .63;  P  .034;  Si  .121;  T.  S.  124,810  lbs.  per  sq.  in.;  E.  L. 
79.780  lbs.  per  sq.  in.;  Elong.  in  2  in.,  11.5%;  Red.  area  16.81%. 


Fig.  282.    Rail  108,  Showing  Crack  in  Web. 
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Fig.  283.    Rail  io8,  Etched  Section. 
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(109)     BROKEN  BASE. 

85-lb.  A.  S.  C.  E.,  made  by  Carnegie  Steel  Company,  1901 ;  laid  April, 
1901,  on  straight  line,  gravel  ballast,  and  removed  April  13,  1910.  Broken 
base  caused  by  seam. 

C  .542;  M'n  .74;  P  .111;  Si  .075;  T.  S.  105,420  lbs.  per  sq.  in.;  E.  L. 
65,130  lbs.  per  sq.  in.;  Elong.  in  2  in.,  7%;  Red.  area  9%. 


Fig.  284.    Rail  109. 
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Fig.  285.     Rail  109,  Etched  Section. 

(no)     BROKEN  BASE. 

85-lb.  P.  S.  Open-Hearth,  made  by  Illinois  Steel  Company,  Gary 
Works,  March,  1909 ;  laid  June,  1909,  high  rail  on  i-degree  48-min.  30-sec. 
curve,  gravel  bailast,  and  removed  February  15,  1910." 

C  .602;  Mn  .69;  P  .032;  Si  .098;  T.  S.  102,520  lbs.  per  sq.  in.;  E.  L. 
65,860  lbs.  per  sq.  in. ;  Elong.  in  2  in.,  20.5% ;  Red.  area  28.54%. 

Comment  by  R.  W.  Hunt  &  Company  : 

From  a  consideration  of  the  etching  it  is  apparent  that  the  splitting 
off  of  the  flange  was  the  result  of  the  inclusion  of  soft  steel  The  cause  ot 
this  has  been  described  in  a  previous  report.  Aside  from  this  inclusion 
the  steel  shows  excellent  chemical  and  physical  properties. 


Fig.  286.     Rail  no. 
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Fig.  287.     Rail  iio,  Etched  Section. 


Appendix  E. 

TESTS  AND  CONCLUSIONS  BY  M.  H.  WICKHORST. 

Eleven  reports  have  been  made,  covering  the  following  subjects : 

Nos.   I  and  2.    Tests  of  Bessemer  Rails — Maryland  Steel  Company. 

No.  3.    Tests   of  Titanium   Bessemer  Rails — Lackawanna  Steel   Co. 

No.  4.    Tests  of  Bessemer  Rails — Illinois  Steel  Co.,  South  Works. 

No.  5.    Tests  of  Open-Hearth  Rails — Gary  Works. 

No.  6.  Tests  of  Bessemer  Rails — Edgar  Thomson  Works,  Carnegie 
Steel  Company. 

No.  7.    Investigation  of  a  Split  Head  Rail. 

No.  8.     Segregation  as  Influenced  by  Fire-Clay  on  Ingot. 

No.  9.     Strength  of  Rail  Head. 

No.  10.  Drop  Test  of  Rails — Effect  of  Impact  Energy  Variously 
Distributed. 

No.  11.     Flow  of  Rail  Head  Under  Wheel  Loads. 

Drop  Test. — The  height  of  drop  that  a  piece  of  rail  will  stand  depends 
upon  its  position  in  the  ingot.  Starting  from  the  top  of  the  ingot  the 
height  that  is  just  sufficient  to  break  the  rail  at  first,  decreases  until 
a  "brittle  zone"  is  reached,  when  the  rail  may  only  stand  a  few  feet  fall 
of  a  weight  of  2,000  lbs.  Passing  this,  the  allowable  height  rapidly  in- 
creases and  remains  roughly  uniform  for  the  rest  of  the  rail  bar.  The 
heights  called  for  in  various  specifications  vary  from  fifteen  feet  to 
twenty  feet.  Close  to  the  top  of  the  ingot  the  rail  may  stand  such  a 
height,  but  in  the  brittle  zone,  with  some  makes  of  material,  the  rail 
may  stand  only  five  feet  or  less.  In  the  lower  part  of  the  ingot  the 
rail  may  be  able  to  stand  heights  of  forty  to  eighty  feet,  or  even  more. 
Just  where  the  brittle  zone  is  in  different  materials  and  with  different 
size  ingots  has  not  been  determined,  but  an  extensive  investigation  should 
now  be  undertaken  to  work  this  out. 

Segregation. — When  molten  steel  is  poured  into  the  ingot  the  dif- 
ferent constituents  that  compose  the  liquid  mass  do  not  stay  together 
when  solidifying,  but  the  carbon,  phosphorus  and  sulphur  tend  to  collect 
or  "segregate"  toward  the  interior  and  upper  part  of  the  ingot.  The 
region  of  maximum  segregation  seems  to  correspond  in  location  with  the 
brittle  zone  developed  by  the  drop  test.  The  tests  indicate  that  a  small 
amount  of  segregation  is  not  harmful,  but  the  allowable  limit  has  not 
been  determined. 

The  problem  of  ingot  making  apparently  consists  of  controlling 
segregation  as  to  maximum  allowable  limit,  and  as  to  location  in  the 
ingot,  so  a  small  discard  will  always  remove  it. 

Split  Heads. — It  has  been  shown  that  at  least  some  rail  failures, 
such  as  are  ordinarily  classed  as  split  heads,  are  due  to  excessive  segrega- 
te 
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tion,  which  results  in  very  fragile  metal  in  the  interior  of  the  rail,  as 
explained  in  detail  in  Report  No.  7. 

Pipes  and  Laminations. — Our  tests  show  that  laminations  occur  most 
frequently  in  rail  from  near  the  top  of  the  ingot,  but  may  occur  in  any 
part  of  the  rail  bar.  They  also  show  that  laminations,  in  themselves, 
have  no  relation  to  the  results  in  the  drop  tests.  Some  of  the  worst 
drop  tests  have  shown  no  laminations,  while  the  worst  laminations  noted 
have  been  attended  by  some  of  the  best  results  in  the  drop  tests. 

Rolling. — Our  work  so  far  does  not  show  very  definitely  the  influence 
of  such  matters  as  speed  of  rolling,  number  of  passes  in  reducing  from 
ingot  to  rail,  temperature  of  rolling,  distribution  of  rail  sections,  etc.,  but 
they  indicate  that  such  matters  are  of  relatively  small  importance. 

Conclusion. — In  conclusion,  our  work  of  the  last  nine  months  has 
shown  fairly  definitely  that  the  matter  of  making  safe  rails,  and  in  which 
the  different  rails  of  the  lot  will  wear  uniformly,  is  almost  entirely  a 
matter  of  making  a  good  ingot  free  from  excessive  segregation,  or  of 
cropping  off  sufficient  from  the  top  to  remove  such  excessive  segregation. 


TESTS  OF  BESSEMER  RAILS— MARYLAND  STEEL  CO. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

REPORT  No.  i. 

This  report  covers  tests  of  some  A.  R.  A.  type  B  90-lb.  Bessemer  test 
rails  made  by  the  Maryland  Steel  Co.  at  Sparrows  Point,  Md..  Maich  23, 
1910.  The  report  covers  more  particularly  the  manufacture  of  the  rails 
and  the  results  of  the  drop  and  static  tests. 

MANUFACTURE. 

The  rails  were  from  two  ingots  of  heat  36,289,  which  were  given  test 
numbers  Mdi  and  Md2.  The  iron  was  from  "A"  blast  furnace,  whose 
day's  burden  was  as  follows : 

El  Cuero  ore 346.299  tons 

Nicolaieff  ore 60.676 

Sierra  Morena  ore.  ...•■•• 17-759 

Coke 346875 

Limestone .  82.366 

Dolomite 82.266 

The  records  of  the  ore  analyses  were  as  follows : 

El  Cuero.  Nicolaieff. 

Iron,  natural 58.31  65.75 

Iron,  dried  at  212  degrees  F 59-52  66.86 

Moisture    2.03  1.66 

Silica 9.52  2.16 

Manganese    32  .13 

Phosphorus    017  .017 

Sulphur Trace 

No  nickel,  cobalt,  copper  or  chromium  in  either  ore. 

The  metal  from  the  blast  furnace  was  poured  into  an  85-ton  receiver, 
from  which  it  was  weighed  and  poured  into  an  18-ton  converter.     In  addi- 
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tion  to  the  hot  metal  from  the  blast  furnace,  cupola  metal  was  used, 
which  ordinarily  is  the  same  metal,  but  which  has  been  run  into  pigs  and 
then  remelted  in  a  cupola,  this  being  necessary  when  the  Bessemer  plant 
cannot  take  care  of  all  the  metal  from  the  blast  furnaces.  In  the  case  of 
this  heat,  two-thirds  of  the  cupola  metal  was  Lebanon  iron.  The  converter 
charge  was  as  follows: 

Metal  from  No.  2  receiver .22,500  lbs. 

Cupola  metal 18,000    " 

Scrap    steel 1,000    " 

After  blowing,  4,300  lbs.  of  Spiegel,  was  added  to  the  converter,  and  260 
lbs.  ferromanganese  and  30  lbs.  ferrosilicon  added  to  the  ladle  during  the 
pouring.  The  analyses  of  the  .metal  in  the  converter  before  starting  to  blow 
and  before  the  addition  of  scrap  and  of  spiegel  were  as  follows,  special 
samples  being  taken  for  these  analyses.    The  ladle  test  is  also  shown : 

Converter  Heat 

Metal.  Spiegel.  Analysis. 

Carbon    3.69  3.92  .51 

Phosphorus    : 040  .064  .046 

Sulphur    060  Trace  .060 

Manganese    24  3.96 

Silicon    1.33  .65 

Copper    35  None  .39 

Nickel  or  chromium None  None  None 

The  copper  in  the  converter  metal  came  from  the  Lebanon  iron  used 
in  the  cupola  metal.  From  the  ladle  the  metal  was  poured  into  20x2i-inch 
ingot  molds  through  a  2-inch  nozzle.     While  pouring  each  ingot,  about 

I  lb.  of  ferrosilicon  was  added  to  each  mold  toward  the  end  of  the  pour. 
The  heat  made  six  ingots,  and  the  sample  for  the  heat  analysis  was  taken 
after  pouring  the  second  ingot,  with  results  as  shown  in  the  table  above. 
It  should  be  stated  that  the  various  statements  of  mixtures  used  and 
analyses  are  as  given  me  by  the  steel  company.  Ingots  4  and  5  of  the 
pouring  were  selected  as  the  ingots  for  test  rails  and  were  given  Test  Nos. 
Mdi  and  Md2,  respectively.  The  metal  set  quiet.  The  blooms  remained 
in  the  soaking  pit  1  hour  25  minutes  and  were  rolled  to  7j4x754-inch 
blooms  in  13  passes,  the  top  end  of  the  ingot  forward,  and  turned  after  each 
two  passes.    The  blooms  were  rolled  directly  into  rails  without  reheating,  in 

II  passes,  making  a  total  of  24  passes  from  ingot  to  rail.  Instead  of  shear- 
ing off  the  usual  discard,  I  had  the  top  of  the  bloom  trimmed  off  only 
sufficiently  to  allow  rolling,  and  then  we  cut  off  15  feet  from  the  top  of 
the  rail  bar  to  represent  the  usual  discard.  These  top  pieces  were  let- 
tered T  and  used  for  our  various  tests  to  compare  with  the  rails  from  the 
rest  of  the  ingot.  The  area  of  cross  section  in  square  inches  in  the  various 
passes  from  the  A.  R.  A.  type  B  90-lb.  rail,  Maryland  Steel  Co.,  section 
No.  162,  is  about  as  follows : 
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No.  of 

No.  of 

Operation. 

Pass. 

Area. 

Operation. 

Pass. 

Area. 

Ingot 

416 

Roughing 

1 

46.2 

Blooming 

i 

374 

" 

2 

34-4 

« 

2 

336 

u 

3 

31-3 

«< 

3 

300 

« 

4 

23.1 

u 

4 

260 

" 

5 

21.5 

11 

5 

234 

CI 

6 

17.8 

" 

6 

205 

Intermediate 

7 

16.0 

<i 

7 

172 

« 

8 

15-2 

" 

8 

150 

K 

9 

12.3 

ft 

9 

132 

(< 

10 

9-7 

it 

IO 

117 

Finishing 

11 

9.0 

" 

ii 

96 

a 

12 

74 

it 

13 

58 

The  ingots  made  5  rails  in  addition  to  the  crop.  The  shrinkage  of 
the  rails  averaged  6%  inches.  The  camber  of  the  cold  rails  in  3s  -eet  was 
as  follows : 


Concave  Head 

Concave  Head 

Rail  No. 

Camber. 

or  Base  Side. 

Rail  No. 

Camber. 

or  Base  Side. 

Mdi-A 

Vs" 

Base 

Md2-A 

Ya" 

Head 

Mdi-B 

H" 

" 

Md2-B 

1" 

" 

Mdi-C 

iH" 

a 

Md2-C 

i54" 

Base 

Mdi-D 

V2" 

u 

Md2-D 

1  A" 

« 

Mdi-E 

Ya" 

" 

Md2-E 

Ya" 

'« 

DROP  TESTS. 

Drop  tests  were  made  of  samples  from  the  A,  B,  C  and  top  crop  rails 
of  ingot  Md2  at  15  feet  drops  and  18  feet  drops  with  the  head  in  tension 
and  with  the  base  in  tension.  The  tup  W2ighed  2,000  lbs.,  the  supports 
were  3  ft.  apart  and  the  anvil  weighed  10  tons,  spring  supported.  The 
results  of  these  tests  are  shown  in  Fig.  1.  None  of  the  rails  broke  under 
the  first  blow,  and  were  given  three  or  more  blows,  which  either  broke 
the  rails  or  distorted  them  so  they  could  not  be  tested  farther.  These 
tests  developed  some  interesting  information,  as  shown  in  the  table  below, 
giving  some  of  the  important  results  obtained. 


Rail. 
Md2-T 
Md2-A 
Md2-A 
Md2-B 
Md2-B 
Md2-C 
Md2-C 


Height. 
18 

15 
18 

15 
18 

15 
18 


Elongation. 
Head  in  Tension.    Base  in  Tension. 


27% 

23  broke 

23  broke 

25 

21 

35 
22 


19% 

15  broke 

17  broke 

23 

19 

18 

19 
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x    - 

U     Q 

i  ■ 

z 
o 

o 

Length  of  1' Marks,  res  th5 

REMARKS 

•l 

*Z 

*3 

*4 

*5 

*6 

Mo2T3 

head 

18' 

i 

2.04 

107 

108 

108 

113 

no 

107 

2 

368 

108 

109 

112 

117 

119 

118 

3 

5.70 

109 

113 

117 

125 

127 

126 

Not     Broken 

Mo2T4 

Base 

18' 

1 

1.90 

105 

106 

107 

107 

106 

105 

2 

3  58 

108 

110 

112 

113 

112 

III 

Nicked  and  Broken   5howeo Lamination  I'Long 

3 

5.20 

109 

ne 

117 

118 

119 

119 

ano  Several    Small  Ones 

Md2A3 

Head 

15' 

I 

164 

104 

106 

106 

108 

108 

106 

2 

3  00 

107 

no 

112 

116 

114 

III 

Broke  4t-  Blow  Fracture  Showed  Fine  Grained 

3 

4.30 

110 

115 

118 

122 

121 

116 

Area  Through  Middle  of  Web.  No  Pipe   About 

A 

115 

119 

123 

122 

117 

7t"  of  Head    BroKE    Out 

Md2A4 

Head 

18' 

1 

185     104 

108 

108 

109 

107 

105 

2 

3.50     109 

115 

116 

116 

114 

109 

Broke  4™  Blow  Fracture  Showed  Fine  Grained 

3 

5.10     113 

120 

132 

123 

118 

113 

Are*  Through  Middle  of  Web.  No  Pipe   About  7i' 

4 

114 

120 

123 

123 

119 

of  Head  Broke  Out. 

MD2A5 

Base 

15' 

1 

152 

ioe 

103 

105 

106 

105 

104 

Broke  3-D  Blow   Fine  Grained  Area  Through 

£ 

2  82     1.05 

106 

109 

III 

no 

109 

MlDOLE   OF  WED    5MALLER  TM*nAbOVE    4'0FHEAD 

3 

109 

110 

114 

115 

112 

Broke  Out 

Md2A6 

BASE 

18' 

i 

ISO    104- 

104 

106 

106 

105 

104 

Broke  4rJ'  Blow     Small   Fine  Crtstaune 

2 

3.3oJl08 

109 

III 

113 

III 

109 

Streak  Throush  Middle  of  Web. 

3 

480 

111 

113 

116 

117 

116 

113 

4 

112 

116 

117 

116 

114 

Mo2B3 

Head 

15' 

1 

1.66 

103 

106 

107 

108 

107 

106 
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Fig.  1 — Drop  Tests. 
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It  is  noticeable  that  the  four  rails  broken  were  "A"  rails,  and  in  their 
case  the  ultimate  elongation  that  the  metal  would  give  was  obtained,  while 
in  the  case  of  the  rails  not  broken  the  full  elongation  that  the  metal  would 
stand  was  not  obtained.  With  the  head  in  tension,  the  "A"  rail  gave  a 
final  elongation  of  23  per  cent.,  while  with  the  base  in  tension  the  average 
elongation  of  the  "A"  rails  was  16  per  cent.  The  other  rails,  when  deflected 
sufficiently,  showed  higher  elongations,  including  also  the  "T,"  or  crop  rail, 
although  this  contained  a  large  number  of  laminations.  The  "A"  rail 
was  free  from  pipes,  but  the  fractures  showed  areas  through  the  center  of 
the  web,  from  the  head  to  the  base,  of  a  finer  crystalline  structure,  corre- 
sponding to  the  carbon  segregation  as  shown  by  the  etching  tests, 
which  I .  hope  to  make    a    report    on  later.     The  "B"  rails,  when  nicked 
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Fig.  2 — Drop  Test — Ingot  Position  and  Deflection. 


and  broken,  also  showed  a  similar  area  of  closer  structure,  but  not  so  exten- 
sive, which  likewise  corresponded  to  the  carbon  segregation  as  developed 
by  the  etching.  The  fractures  in  the  "C"  rails  did  not  show  this  condi- 
tion. The  lower  elongations  given  by  the  "A"  rails  is  presumably  due  to 
the  larger  amounts  of  the  various  hardening  elements,  due  to  segregation. 
It  may  be  well  to  here  state  that  although  the  "A"  rail  showed  lower 
elongations  in  the  drop  test,  it  cannot  be  argued  that  therefore  it  would 
give  less  wear  in  service.  The  diagram  given  in  Fig.  2  shows  the  relation 
between  ingot  position  and  deflection  after  the  first  blow  and  suggests  that 
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the  "A"  rail  is  slightly  stirrer  than  the  lower  rails  of  the  ingot,  although 
the  number  of  tests  so  far  made  is  entirely  too  meager  to  warrant  any 
conclusion. 

RELATIONS  OF  HEIGHT,  DEFLECTION  AND  ELONGATION. 

Some  special  tests  were  made  of  the  "D"  and  "E"  rails  of  ingot  Mdi 
to  show  up  the  relations  between  height  of  drop,  deflection  and  elongation. 
The  test  pieces  from  the  "D"  rail  were  tested  with  the  head  in  tension,  and 
those  from  the  "E"  rail  with  the  base  in  tension.    The  results  of  these  tests 
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and  the  plotted  diagram  of  the  results  are  shown  in  Fig.  3,  which  should 
be  studied  closely,  as  they  have  a  bearing  on  some  questions  brought  up  at 
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the  meetings  of  the  Rail  Committee.  It  will  be  noticed  that  for  a  given 
height  of  drop  the  deflection  is  about  the  same  with  head  or  the  base  in 
tension,  but  the  metal  at  the  top  of  the  head  stretches  about  50  per  cent, 
oiore  with  the  head  in  tension  than  the  metal  at  the  bottom  of  the  base 
vhen  the  rail  is  tested  with  the  base  in  tension.  We  have  also  seen  above 
that  the  head  metal  seems  to  stand  about  50  per  cent,  more  stretch  before 
breaking. 

STATIC  TRANSVERSE  TESTS. 

Static  transvere  tests  were  made  of  pieces  of  rails  Mdi-D  and  Mdi-E, 
which  rails  were  used  to  make  the  drop  tests  from  various  heights.  The 
span  was  three  feet,  as  in  the  drop  tests,  the  radii  of  the  supports  and  of 
the  compression  block  being  5  inches,  also  as  in  the  drop  tests.  The  results 
of  these  tests  are  shown  in  the  tables  below.    The  rails  were  not  broken. 


Test  Mdi 

Di. 

Test  Mdi  Ei. 

Head  in  Tension. 

Base  in 

Tension. 

Load, 

Defl. 

Defl. 

Lbs. 

Caliper. 

In. 

Caliper. 

In. 

000 

9.98" 

9.98" 

10,000 

9.98 

.00" 

20,000 

9-95 

•03 

9-97 

.01 

30,000 

9-95 

•03 

40,000 

9.92 

.06 

9-93 

•05 

50,000 

9.92 

.06 

60,000 

9.89 

.09 

9.90 

.08 

70,000 

9.88 

.IO 

9.88 

.10 

80,000 

9.86 

.12 

9.86 

.12 

90,000 

9-85 

•13 

984 

.14 

100,000 

9.81 

•17 

9.78 

.20 

110,000 

9-73 

•25 

9.68 

.30 

120,000 

9.60 

•38 

9-54 

•44 

130,000 

9.42 

•56 

9.40 

•58 

140,000 

9.21 

■77 

9.16 

.82 

150,000 

8.89 

1.09 

8.94 

1.04 

160,000 

8-35 

1.63 

8.62 

1.36 

167,610 

7.40 

2.58 

170,000 

8.26 

1.72 

180,000 

7.76 

2.22 

183,770 

6.65 

3-33 
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In 

1"  Marks. 
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Defl.         1 

2 

3            4 

5           6 

Mdi   Di 
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2.53        1. 10 

1. 11 

1. 13        1. 11 

1.09        1.07 

Mdi    Ei  Base  3-33        1.08        1.09        1.11        1.11        1.10        1.07 
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The  load-deflection  diagram  plotted  from  the  table  is  shown  in  Fig.  4. 

Here  again  the  deflection  for  a  given  load  is  about  the  same  with 
the  head  or  the  base  in  tension,  but  the  elongation  of  the  outer  fibers  is 
about  50  per  cent,  greater  with  the  head  in  tension  than  with  the  base  in 
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tension.  I  also  show,  in  Fig.  5,  a  diagram  intended  to  show  about  what 
proportion  of  the  work  done  by  the  falling  tup  is  used  to  deflect  the  test 
rail  and  how  much  is  expended  on  the  anvil,  lost  in  friction,  etc.  Calculat- 
ing the  work  done  in  the  static  test  from  the  load  deflection  diagram, 
using   a   foot-ton   as   the  unit  of  work  and  assuming  the  work  done   to 
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actually  bend  the  specimen  to  be  the  same  in  both  the  static  and  drop  tests, 
it  appears  that  about  two-thirds  of  the  work  stored  in  the  tup  is  used  to 
deflect  the  specimen.  I  give  this  as  simply  an  interesting  calculation, 
although  it  may  later  prove  of  service. 
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Report  No.  i  covers  some  tests  concerning  A.  R.  A.  type  14  90-lb. 
Bessemer  rails  made  by  the  Maryland  Steel  Co.,  and  I  now  give  a  further 
report  concerning  these  rails,  covering  the  results  of  the  etching  tests, 
chemical  analyses  and  tests  with  the  reciprocating  machine. 

ETCHING  TESTS. 

Sections  of  one  inch  were  cut  from  near  the  top  ends  of  each  rail  of 
the  ingot,  including  also  the  top  or  crop  rail  given  the  letter  "T."  These 
sections  were  etched  with  a  solution  of  iodine  in  alcohol,  to  show  up  the 
segregated  areas.     The  top  of  the  crop  rail  showed  spots  of  segregation 
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Fig.  6 — Top  End  of  Crop  Rail,  Etched  with   Iodine  in    Alcohol. 
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distributed  over  the  whole  section.  The  top  of  the  "A"  rail  showed  a  con- 
centration of  the  segregation,  mostly  down  along  the  middle  of  the  web, 
extending  from  well  into  the  head  down  to  near  the  base,  with  some 
spots  of  segregation  distributed  over  the  rest  of  the  section.  The  "B" 
rail  showed  a  small  streak  of  segregation  down  through  the  web.  The  :'C" 
rail  showed  a  few  spots,  the  "D"  rail  almost  no  spots  of  segregation,  and 
the  "E,"  or  bottom  rail,  showed  no  segregation  whatever.     Figs.  6  and  7 


Md.2A2 

Fig.  7 — Top  End  of  A  Rail,  Etched  with  Iodine  in  Alcohol. 

show  etchings  of  the  "T"  and  "A"  rails,  the  important  feature  being  the 
strong  concentration  of  the  segregation  in  the  web  and  lower  third  of  the 
head  of  the  "A"  rail.  The  fractures  of  the  "A"  rail  in  the  drop  tests, 
as  stated  in  my  previous   report,   showed   no  pipes   or   laminations,   but 
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showed  crystalline  areas  down  through  the  middle  of  the  web  of  finer 
structure  than  the  rest  of  the  broken  surface,  while  the  lower  rails  of  the 
ingot  showed  uniform  fractures. 

CHEMICAL  ANALYSES. 

Analyses  were  made  of  the  "A,"  "B"  and  "C"  rails,  the  drillings  being 
taken  from  the  sections  used  for  etching,  and  two  samples  being  taken 
from  each  section.  One  sample  was  taken  with  a  A-inch  drill  along  the 
middle  of  the  web,  from  a  point  about  one-third  way  up  into  the  head  to 
just  below  the  center  of  the  rail.  This  sample  would  represent  the  segre- 
gated metal.  The  other  sample  was  taken  near  the  upper  corner  of  the 
head  with  a  ^-inch  drill  and  would  represent  the  normal  metal  of  the  rail. 
The  results  of  the  analyses  are  shown  in  the  following  table: 


Test  No. 
Md2-A2 
Md2-A2 

Location. 
Head 
Web 

Carb. 
•54 
•63 

Phos. 
.049 
.096 

Sul. 
.058 
.129 

Man. 
•93 
•93 

Silicon. 
.100 
.104 

Copper 
•37 
•38 

Md2-B2 
Md2-B2 

Head 
Web 

•52 

•55 

.048 
.051 

.065 
.076 

•89 
.90 

.098 
.104 

•34 
•35 

Md2-C2 
Md2-C2 

Head 
Web 

.56 
•53 

.049 
.049 

•059 
.061 

.87 
.90 

.103 
.104 

•39 

.38 

Heat  Analysis 

•5i 

.046 

.060 

•89 

.101 

•39 

The  metal  contained  no  nickel,  cobalt  or  chromium.  It  will  be  noted 
in  the  above  table  that  the  carbon,  phosphorus  and  sulphur  segregated  in 
the  "A"  rail  and  that  the  manganese,  silicon  and  copper  showed  no  segre- 
gation in  any  of  the  rails.  The  "B"  rail  also  shows  a  slight  segregation  of 
the  sulphur.  The  increase  of  the  segregated  elements  in  the  web  of  the 
"A"  rail  over  the  amounts  in  the  upper  corner  of  the  head  show  percentages 
as  in  the  following  table : 

.  Carbon.     Phosphorus.       Sulphur. 

Head    54  049  -058 

Web    63  .096  .129 

Increase    17%  96%  122% 

I 

RECIPROCATING  MACHINE. 

The  Maryland  Steel  Co.  has  at  Sparrows  Point  a  machine  intended 
to  represent  the  condition  of  very  heavily  loaded  equipment  rolling  over 
the  rail  and  to  test  the  capacity  of  the  head  of  the  rail  to  withstand  crushing 
and  splitting.  It  consists  of  a  bed  to  which  the  rail  can  be  fastened.  A 
33-inch  car  wheel  rests  on  the  rail,  and  a  heavy  load  can  be  applied  to  the 
axle  of  the  wheel  by  means  of  levers  which  multiply  the  free  weight  by  600 
times.  The  rail  is  moved  back  and  forth  under  the  loaded  wheel  by  means 
of  a  planer  bed,  up  to  a  maximum  stroke  of  about  6  ft.    Pieces  one  foot 
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long  were  cut  from  the  top  of  each  rail  of  Ingot  Md2,  namely,  the  "T," 
"A,"  "B,"  "C,"  "D"  and  "E"  rails,  and  set  up  with  a  load  of  90,000  lbs. 
on  the  wheel.  The  machine  was  run  for  a  day,  making  1,910  double 
strokes  or  3,820  movements  of  the  loaded  wheel  over  each  rail,  but  there 
was  no  noticeable  effect  except  to  flatten  the  surface  of  the  rail.  This  test 
was  then  stopped,  as  it  seemed  hopeless  to  get  results  in  a  reasonable  time. 
Then  to  see  what  results  might  be  expected  with  a  lightweight  rail  with  a 
thin  head,  I  had  the  machine  set  up  with  three  pieces,  each  12  inches  long, 
of  70-lb.  A.  S.  C.  E.  rail  from  stock,  with  a  load  of  90,000  lbs.  applied 
to  the  wheel  axle.  The  wheel  was  run  for  more  than  a  day  over  one 
of  the  pieces,  making  3,963  double  strokes,  or  7,926  movements  of  the  wheel 
over  the  rail,  and  here  again  the  only  effect  was  to  flatten  the  top  surface 
of  the  rail  and  widen  the  top  part  of  the  head  .02  of  an  inch.  It  seems  that 
in  order  to  get  results  in  reasonable  time,  it  will  be  necessary  to  make  the 
test  more  severe  by  the  application  of  a  heavier  load  or  other  moans.  I 
would  particularly  like  to  have  the  members  of  the  committee  write  out 
their  suggestions  concerning  this  matter. 

Finally,  I  wish  to  acknowledge  the  kind  treatment  and  help  given  me 
by  the  officers  of  the  Maryland  Steel  Co.  in  starting  off  the  line  of  tests 
we  have  undertaken  to  make. 


TESTS   OF  TITANIUM   BESSEMER  RAILS  — LACKAWANNA 

STEEL  CO. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  covers  tests  of  some  titanium  bessemer  rails,  90-lb.  A.  R.  A. 
type  B,  made  at  the  Lackawanna  Steel  Company,  at  Buffalo,  N.  Y.,  on 
April  23,  1910,  Lackawanna  Steel  Co.  pattern  9032. 

MANUFACTURE. 

The  test  rails  were  from  three  ingots  of  heat  20,989,  and  the  ingots 
were  given  test  numbers  Li,  L2  and  L3,  each  ingot  furnishing  four  rails, 
A,  B,  C  and  D.  The  ore  was  Lake  Superior  ore.  The  iron  from  the 
blast  furnace  was  poured  into  a  225-ton  mixer,  from  which  it  was  weighed 
and  poured  into  a  converter.  Scrap  was  added  to  the  converter  and  the 
metal  held  for  2>Va  minutes  after  blowing.  The  metal  was  then  poured 
into  the  teeming  ladle,  the  ferro-titanium  being  shoveled  in  at  the  same 
time.  The  metal  was  then  held  for  354  minutes  and  poured  into  the  molds. 
The  amounts  used  were  as  follows : 

Mixer  Metal  26,600  lbs. 

Scrap 800  lbs. 

Spiegel 2,760  lbs. 

Ferro-titanium   84  lbs. 

Special  samples  were  taken  of  the  mixer  metal  and  the  Spiegel,  and 
gave  the  following  results  on  analysis : 

Carbon. 

Mixer  metal 3.95 

Spiegel    4.37 

The  ferro-titanium  addition  was  .3%,  and  as  it  contained  10%  titanium, 
the  titanium  added  amounted  to  .03%.  No  titanium  was  later  found  in 
the  steel. 

The  metal  was  poured  through  a  i^-inch  nozzle,  making  6  ingots  and 
8^2  minutes  being  used  for  the  pouring.     About  one  pint  of  coal  tar  had 
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been  poured  into  each  mold.  The  sample  for  heat  analysis  was  taken  while 
pouring  the  second  ingot.  The  ingots  for  the  test  rails  were  the  third, 
fourth  and  fifth  ingots  and  averaged  4,587  lbs.  The  ingots  were  in  the 
soaking  pit  2  hours  and  15  minutes.  They  were  18^2x18^  inches,  rolled 
to  8x8  blooms  in  6  passes  and  finished  in  9  passes,  making  a  total  of  15 
passes  from  ingot  to  finished  rail.  The  area  was  reduced  from  334.5  sq.  in. 
to  9.14  sq.  in.,  or  a  reduction  of  37  times.  The  operations  and  hot  areas 
as  furnished  by  the  steel  company  of  their  pattern  9032  are  as  follows : 

Hot  Area. 

Ingot  18^x18^  inches.  334-50  sq.  in. 

No.  1  Blooming 1  pass  243.75  sq.  in. 

No.  2  Blooming 1  pass  190.25  sq.  in. 

No.  3  Blooming «. No.  1  141.75  sq.  in. 

No.  2  107.00  sq.  in. 

No.  3  78.82  sq.  in. 

No.  4  64.20  sq.  in. 

Roughing No.  1  48.28  sq.  in. 

No.  2  38.71  sq.  in. 

No.  3  30.00  sq.  in. 

No.  4  25.53  sq.  in. 

First  Finishing No.  1  20.75  sq.  in. 

No.  2  14-59  sq.  in. 

Sec.  9032    No.  3  10.83  sq.  in. 

No.  4  9.57  sq.m. 

Second  Finishing Fin.  Groove  9.14  sq.  in. 

The  discards  of  the  three  test  ingots  were  as  follows : 

Top.  Bottom.  Total. 

Li   9-3%  3-8%  i3-i% 

L2   " 10.6%  3-6%  14-2% 

L3   : 11.2%  4-2%  15-4% 

The  camber  of  the  hot  rails  immediately  after  leaving  the  hot  cam- 
bering rolls  was  measured  on  one  rail  and  found  to  be  4^  inches.  The 
camber  of  the  cold  rails  was  as  follows  in  33  feet,  except  where  a  shorter 
length  of  rail  is  noted : 

Concave,  Head  Concave,  Head 

Rail.  Camber.  or  Base  Side.  Rail.  Camber,    or  Base  Side. 

Li  A  V2  Head  L2  C  ft                 Head 

Li  B  y2  Head  L2  D  yA  Base  28  ft. 

Li  C  i*A  Head  L3  A  $i                 Head 

Li  D  ys  Base  L3  B  }i                 Head 

L2  A  54  Head  L3  C  l/2                 Head 

L2  B  H  Head  L3  D  ifg  Base  28  ft. 

Pieces  were  cut  from  each  of  the  four  rails  of  ingot  Li  for  special  tests 
in  order  as  follows: 
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18  inches,  chemical  analyses,  etching  and  tensile  tests. 
4J/2   feet,  drop  test,  head  in  tension. 
4l/2  feet,  drop  test,  base  in  tension. 
4^2  feet,  bending  test,  head  in  tension. 
4l/2  feet,  bending  test,  base  in  tension. 

CHEMICAL  ANALYSES. 
Two  samples  for  analysis  were  taken  from  each  rail,  one  near  the  upper 
corner  of  the  head  to  represent  the  normal  metal  of  the  rail,  and  the  other 


Fig.  i— Samples  for  Analysis. 
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from  the  web  to  represent  the  segregated  metal,  if  present,  the  borings  be- 
ing taken  as  shown  in  Fig.  i.  The  samples  were  taken  from  the  top  end 
of  the  rail.  The  result  of  these  analyses  and  of  the  ladle  analysis  repre- 
senting the  heat  are  shown  in  the  following  table : 


Carbon. 

Li  Ai  head 49 

web 51 

Li  Bi  head 50 

web 57 

Li  Ci  head 50 

web ..50 

Li  Di  head 52 

web 45 

Heat  analysis 48 


Phos. 

Sulph. 

Mang. 

Sil. 

.098 

.048 

.89 

•14 

.096 

•039 

.90 

.12 

.098 

.046 

.90 

•f3 

.108 

.046 

■91 

.12 

.097 

•043 

.91 

.12 

'   093 

.040 

.88 

•13 

.097 

•045 

.90 

•13 

.086 

.038 

.89 

■13 

.091 


.040 


.90 


■14 


The  above  figures  show  no  concentration  of  any  of  the  elements  into 
the  middle  of  the  rail,  except  that  the  web  of  the  B  rail  shows  a  slight 
segregation  of  the  carbon  and  phosphorus.  The  results  from  the  web  of 
the  D  rail  show  a  little  lowering  or  "negative  segregation"  of  carbon,  phos- 
phorus and  sulphur.  This  is  interesting  and  seems  to  show  that  the  se- 
lective freezing  of  the  high  melting  constituents  drives  the  segregating  ele- 
ments upward  from  the  bottom  of  the  ingot  as  well  as  inward.  The  metal 
along  the  sides  and  bottom  of  the  mold  freezes  at  once  and  is  practically 
the  same  metal  as  poured.  Inside  of  this  would  be  metal  solidifying  more 
slowly  where  the  high  melting  constituents  could  freeze  out,  while  the 
lower  melting  material  containing  carbon,  phosphorus  and  sulphur  would 
tend  to  concentrate  in  the  portion  still  remaining  liquid.  The  top  of  the  C 
rail,  which  would  be  about  the  middle  of  the  ingot,  shows  about  the  same 
analysis  in  the  head  and  the  web.  Roughly,  then,  below  the  middle  the  axis 
of  the  ingot  shows  a  little  negative  segregation,  while  above  the  middle 
there  is  a  little  positive  segregation  reaching  a  maximum  about  the  top  of 
the  B  rail. 


ETCHING. 

Sections  were  cut  from  near  the  top  of  each  rail,  polished  with  fine 
emery  and  etched  with  a  50%  dilution  of  hydrochloric  acid.  The  etched 
surfaces  are  shown  in  Figs.  2,  3,  4  and  5.  The  A  rail  shows  no  "pipe," 
but  shows  some  small  laminations.  The  B  rail  shows  a  very  even  struc- 
ture and  shows  one  small  lamination  at  the  junction  of  the  head  and  web. 
The  C  and  D  rails  show  "cores"  which  the  analyses  show  to  be  slightly 
lower  in  the  hardening  elements,  especially  in  the  D  rail,  than  the  other  por- 
tions Qi  the  ra.il 
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TENSILE  TESTS. 

I  had  planned  to  make  tensile  tests  of  pieces  from  near  the  top  end 
of  each  rail  by  cutting  five  flat  pieces  f^xiJ4xi6  inches  from  each  rail  as 
shown  in  Fig.  6.  The  test  pieces  were  cut  in  this  manner  from  the  A  and  D 
rails,  but  it  soon  appeared  that  the  time  required  to  prepare  the  pieces 
in  this  manner  would  cause  considerable  delays,  and  then,  too,  the  surfaces 
are  apt  to  be  finished  in  a  condition  unsatisfactory  for  test.  I  then  changed 
the  plan  so  as  to  obtain  pieces  */>  inch  in  diameter  and  2-inch  gauge  length, 
as  shown  in  Fig.  7.  The  pieces  from  the  B  and  C  rails  were  prepared 
in  this  manner.  The  results  of  the  tensile  tests  are  shown  in  the  following 
table.  Care  must  be  taken  not  to  compare  the  results  of  the  flat  test  pieces 
with  those  from  the  round  test  pieces,  except,  perhaps,  as  regards  the  ten- 


Fig.  6 — Flat  Tensile  Test  Pieces. 
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Distances  to  Base  and 
Fillets   to  be  E^ual 


Fig.  7 — Round  Tensile  Test  Pieces. 
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sile  strength,  although  even  here  the  shape  of  the  test  piece  would  make 
some  difference. 


Kind  of 

Tensile  Str. 

Elonga- 

Reduction of 

Rail. 

Location. 

Test  Piece. 

per  sq  in. 

tion. 

Area. 

A 

a  Head 

Flat 

103,400 

15-5  in  8" 

23 

flat 

b  Head 

tt 

111,100 

20.0  in  8" 

16 

" 

c  Web 

" 

109,200 

14.5  in  8" 

18 

It 

d  Flange 

" 

103,300 

Il.7in8" 

19 

f( 

e  Base 

105,000 

13.7  in  8" 

21 

It 

B 

a  Head 

Round 

111,700 

19.0  in  2" 

29 

round 

b  Head 

k 

122,900 

14.0  in  2" 

20 

" 

c  Web 

" 

116,200 

17-5  in  2" 

27 

" 

d  Flange 

" 

110,700 

19.0  in  2" 

31 

M 

e  Base 

" 

1 1 1,600 

18.0  in  2" 

33 

U 

C 

a  Head 

Round 

109,  ICO 

20.0  in  2" 

36 

round 

b  Head 

a 

112,100 

16.0  in  2" 

25 

a 

c  Web 

a 

112,300 

21.0  in  2" 

37 

tt 

d  Flange 

(t 

109,600 

20.0  in  2" 

34 

*; 

e  Base 

1 12,400 

19-5  in  2" 

33 

" 

D 

a  Head 

Flat 

109,800 

12.5  in  8" 

17 

flat 

b  Head 

ti 

106,800 

10.0  in  8" 

12 

a 

c  Web 

a 

104,700 

13.7  in  8" 

23 

•' 

d  Flange 

it 

108,600 

10.0  in  8" 

21 

u 

e  Base 

it 

110,000 

9-5  in  8" 

16 

a 

A  study  of  these  tensile  tests  will,  I  think,  prove  very  interesting,  and 
I  group  below  the  tensile  strengths  for  convenience  of  comparison. 


Location. 

A  Rail. 

B  Rail. 

C  Rail. 

D  Rail. 

a  Head 

103,400 

111,700 

109,100 

109,800 

b  Head 

111,100 

122,900 

112,100 

106,800 

c  Web 

109,200 

116,200 

112,300 

104,700 

d  Flange 

103,300 

110,700 

109,600 

108,600 

e  Base 

105,000 

111,600 

112,400 

110,000 

In  the  A  and  B  rails  the  b  sample  from  the  interior  of  the  head 
and  the  c  sample  from  the  web,  both  of  which  represent  what  was  originally 
the  interior  of  the  ingot,  the  tensile  strength  runs  higher  than  in  the  other 
three  locations,  the  highest  increase  being  in  the  samples  from  the  head. 
We  have  seen  above  that  the  analyses  show  that  the  interior  is  higher  in 
the  hardening  elements  in  the  case  of  the  B  rail,  although  not  in  the 
A  rail.  The  five  tensile  samples  from  the  C  rail  showed  no  large  differ- 
ence.   The  b  and  c  samples  from  the  D  rail  showed  lower  tensile  strength 
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than  the  other  samples,  and  this  again  coincides  with  the  findings  of  the 
chemical  analyses,  namely,  that  the  interior  of  the  D  rail  contains  a  lower 
amount  of  hardening  elements  and  the  C  rail  also  showed  a  slight  tendency 
the  same  way.  A  study  of  the  elongation  and  reductions  of  area  shows  that 
the  b  sample  from  the  interior  of  the  head  represents  the  place  of  lowest 
ductility  in  the  section  of  the  rail.  The  only  exception  was  with  the  A  rail, 
where  the  interior  of  the  head  showed  highest  elongation,  but  this  result 
is  so  at  variance  with  the  others  that  it  seems  it  must  be  in  error.  The  web 
samples  in  general  showed  the  greatest  ductility.  The  a  sample  from  the  up- 
per corner  of  the  head  and  the  d  sample  from  the  flange  would  be  metal 
of  about  the  same  chemistry,  but  the  finishing  temperature  of  the  flange  is 
considerably  lower  than  that  of  the  head,  and  a  comparison  of  these 
should  be  interesting  as  showing  the  influence  of  the  difference  of  temper- 
ature.   The  results  are  compared  below : 

A  Rail.  BRail.  C  Rail.  D  Rail. 

Tensile  strength,  a-head 103,400  111,700  109,100  109,800 

b-flange. .  .103,300  110,700  109,600  108,600 

Elongation,  a-head 15.5  fl.  19.  rd.  20.  rd.  12.5  fl. 

b-flange. .  .11.7  fl.  19.  rd.  20.  rd.  10.0  fl. 

Reduction  of  area,  a-head 23.    fl.  29.  rd.  36.  rd.  17.0  ft. 

b-flange..  .19.    fl.  31.  rd.  34.  rd.  st.ofl. 

According  to  these  results  both  the  tensile  strength  and  ductility  are 
about  the  same  in  the  upper  corner  of  the  head  and  in  the  flange,  nnd  the 
difference  in  finishing  temperature  seems  not  to  have  produced  differences 
in  the  physical  properties. 


DROP  TESTS. 

Drop  tests  were  made  of  pieces  from  near  the  top  of  the  A,  B,  C  and  D 
rails  of  ingot  Li  with  heights  of  18  feet,  using  the  standard  rail  drop  test 
machine  with  2,000  lbs.  tup,  3-foot  supports  and  5-inch  radii  and  spring- 
supported  anvil  of  10  tons.  Two  pieces  were  tested  from  each  rail,  one 
with  the  head  in  tension  and  the  other  with  the  base  in  the  tension.  The 
results  of  the  tests  are  shown  in  the  following  table : 

Head  or 

Test      Base  in  No.  of   De-  1"  Marks  After  Blow. 

No.       Tension  Blow,  flection.  1  23456 

L1-A3      Head        1        ....  1.08  1.09        1.09  1.07        1.05  1.04 

2      Broke  1.08  ....        1.08  1.07        1.05  1.03 

L1-A4       Base        1        1.85  1.06  1.07        1.08  1.08        1.06  1.05 

2      Broke  1.06  1.07        1.08  1.08        1.06  1.05 

L1-B3       Head        1        1.88  1.02  1.04        1.06  1.06        1.09  1.08 

2      Broke  1.02  1.04        1.07  1.09        1.12  1.12 
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Head  or 

Test 

Base  in 

No. 

of    De- 

i" 

Marks  After  Blow. 

No. 

Tension 

Blow,  flection 

1 

2 

3 

4 

5 

6 

L1-B4 

Base 

1 

1.85 

1.07 

I.07 

1.06 

1.06 

1.05 

1.03 

2 

3-35 

I.I3 

I.I3 

113 

1. 11 

1.07 

1.05 

3 

4.82 

1 .21 

1.20 

1. 16 

1. 12 

1.08 

1.05 

4 

Broke 

1 .21 

1.20 

1. 12 

1.08 

1.06 

L1-C3 

Head 

1 

Broke 

I.03 

I.05 

1.06 

1.09 

1.06 

L1-C4 

Base 

1 

1.89 

1.03 

1.05 

1.06 

1.07 

1.07 

1.04 

2 

3-42 

I.06 

1. 10 

1. 10 

1.14 

1.14 

1. 11 

3 

4.96 

1.08 

113 

1.17 

1.19 

1.20 

1.14 

4 

Broke 

1.09 

1.18 

1.21 

1.22 

L1-D3 

Head 

1 

1.96 

I.06 

I.06 

1.09 

1.09 

1.09 

1.04 

2 

3-63 

1.08 

I.  II 

1.17 

1.20 

1.19 

1. 10 

3 

5.38 

1. 12 

1. 17 

1.26 

1.30 

1.28 

1.14 

4 

Broke 

I.I4 

1. 19 

1.27 

1.31 

1.29 

1.16 

L1-D4 

Base 

1 

i-93 

I.04 

1.05 

1.06 

1.06 

1.06 

1.05 

2 

Broke 

1.05 

1. 10 

1.14 

1.13 

I.IO 

The  rails  were  all  broken  with  blows  varying  from  one  to  four,  and 
I  give  below  a  table  showing  the  elongation  obtained  after  the  first  blow 
and  also  the  deflection  after  the  first  blow,  the  head  or  the  base  being 
in  tension   as  noted. 

Elongation  First  Blow,  Deflection  First  Blow, 

Head.               Base.  Head.  Base. 

Li-A 9%                  8%  ...  1.85 

LI-B 9%                  7%  i-88  1.85 

Li-C 9%                  7%  •••  1-89 

Li-D 9%                  6%  1.96  1.93 

It  will  be  noted  that  the  lower  rails  of  the  ingot  gave  a  little  more 
deflection  under  the  drop  indicating  that  the  upper  rails  were  slightly 
stiffer.  This  again  agrees  with  the  indications  of  the  analyses  and  tensile 
tests. 

The  deflection  is  about  the  same  with  the  head  or  base  in  tension, 
but  the  elongation  is  greater  with  the  head  in  tension. 

I  give  below  a  table  showing  the  maximum  elongation  when  broken : 


Head  in  Tension, 
Blows.      Elongation. 

Li-A 2  9% 

Li-B 2  12% 

Li-C 1  9% 

Li-D 4  3i% 


Base 

in  Tension, 

Blows. 

Elongation. 

2 

8% 

4 

21% 

4 

22% 

2 

14% 
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BENDING   TESTS. 

Two  pieces  4^2  feet  long  were  cut  from  each  rail  for  bending  in 
the  test  machine,  one  piece  being  bent  with  the  head  in  tension  and  the 
other  with  the  base  in  tension,  using  a  span  of  three  feet.  The  supports 
were  triangular  blocks  with  edges  rounded  somewhat.  The  loading  block 
had  a  five-inch  radius.  The  deflections  were  determined  by  measuring 
the  distance  between  the  lower  side  of  the  rail  and  a  block  on  the  weigh- 
ing platform  of  the  test  machine,  which  of  course  included  the  spring  of 
the  supports  and   also  the  distortion  of  the  rail    in   fitting  itself   to   the 


LI  A 

Ll  B 

L1C 

LID 

HEAD  OK  BASE 
JH  TENSION 

HEAD 

BASE 

HEAD 

BASE 

HEAD 

BASE 

HEAD 

BASE 

LOAD 

DEFL. 

DEFL 

DEFL 

DEFL 

DEFL. 

DEFL 

DEFL 

DEFL. 

20,000 

.059 

•048 

.0  37 

.074 

079 

.062 

0  65 

.062 

4QOO0 

.098 

.082 

078 

1  06 

.1  15 

.1  02 

102 

.09  8 

6Q000 

.130 

1   15 

1  16 

.136 

.150 

.1  35 

.133 

133 

80.000 

.165 

.145 

.1  53 

166 

.185 

.1  73 

.165 

.16  5 

90,000 

.1  83 

.1  63 

.173 

.1  83 

206 

.1  92 

.1  85 

.182 

100,000 

.208 

.1  84 

.196 

.20  2 

.224 

.2  1  2 

.203 

202 

110,000 

.245 

209 

.227 

222 

.255 

238 

.228 

.224 

120,000 

.333 

.277 

.323 

2  64 

.340 

.29  5 

.32  3 

.285 

130,000 

4-60 

405 

.440 

3  74- 

.450 

4  2  0 

.45  O 

420 

I-4-0.00O 

.580 

.535 

.60 

.51 

.59 

.56 

.59 

58 

150,000 

.7  80 

.760 

.78 

.69 

.77 

.7  2 

.77 

.72 

160,000 

1.00 

.9  6 

1.02 

.85 

.95 

.9  2 

.99 

.94 

170000 

1.18 

1.32 

1.13 

1.23 

1.)  8 

1.29 

1.16 

180,000 

1.48 

1.68 

1.37 

1.63 

1.42 

1.63 

1.48 

190,000 

2.20 

1.67 

2.03 

1.78 

2.15 

1.84 

200,000 

2.13 

2.20 

2. 30 

2  10.000 

2.96 

2.61 

284 

3  16 

BROKE 

167,800* 

2IZ900* 

196,000* 

2 1 8300* 

198.900* 

219,700* 

196,300* 

214,600* 

0  <o 

0  * 
-j  - 

in, 

1 

1.04 

1.08 

1.08 

III 

1.07 

1.1  5 

1.09 

I.I  2 

z 

I.04- 

I.IO 

I.I  3 

1.18 

I.IO 

11  8 

I.I  5 

1.15 

3 

I.06 

112 

1.19 

1  23 

1.2.0 

1.18 

A- 

1  04- 

1  17 

1.19 

114 

I.20 

I.20 

1.2  5 

S 

|04 

MO 

1.12 

117 

II  1 

1.  16 

1.15 

1.16 

6 

I.02 

1,06 

1.08 

III 

I.07 

1.1  0 

1.09 

1.1  1 

A 

E2C] 

CS3 

A 

Cz3 

CX3 

JL 

£53 

1 

LAMINATION 

Fig.  8 — Bending  Tests  in  Test  Machine. 
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supports  under  the  application  of  the  load.  This  measurement,  however, 
allows  the  elastic  limit  to  be  determined  approximately,  which  is  the 
important  thing  to  be  determined  by  this  test,  but  of  course  it  would  not 
be  available  for  calculation  of  the  modulus  of  elasticity.  The  elongation 
of  the  metal  when  broken  was  determined  by  putting  gage  marks  one 
inch  apart  over  a  distance  of  six-  inches  at  the  middle  of  the  rail  on  the 
side  in  tension.  The  hughes':  stretch  obtained  in  any  one  inch  Is  taken 
as  the   maximum  elongation  obtained.     The  results  of  the  bending  tests 


Base  i  k  Tunsion  -^  •  • * " 
,^-Neao  in  Tension 


A   RAIL 


LBS 
t5Qoo< 


IQO.ooo 
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Fig.  g — Load  Deflection  Diagrams. 

are  shown  in  Fig.  8  and  the  plotted  load-deflection  diagrams  of  the 
four  rails  are  shown  in  Fig.  g.  The  breaking  loads  and  the  maximum 
elongations  obtained  are  given  below  for  convenience  of  comparison : 

Breaking  Load,  Maximum  Elongation, 

Head  in  Base  in  Head  in  Base  in 

Rail.                      Tension.  Tension.  Tension.  Tei'sion. 

A 167,800  212,000  6%  12% 

B 196,000  218,300  17%  19% 

C 198,000  219,700  14%  23% 

D 196,300  214,600  20%  25% 

It  will  be  noted  that  these  rails  stood  more  load  before  breaking 
with  the  base  in  tension  than  with  the  head  in  tension,  and  also  stood 
greater   elongations   with   the  base   in   tension.     The   "A"    rail    with    the 
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in  Tension, 

Drop. 

Slow  Bending. 

8% 

12% 

21% 

19% 

22% 
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head  in  tension  broke  at  a  considerably  less  load  than  the  other  rails. 
It  is  interesting  to. note  that  the  rails  give  increasing  elongations  as 
we  proceed  down  the  ingot,  the  only  exception  being  the  "C"  rail,  with 
head  in  tension,  which  gave  low  elongation.  This  same  rail  tested  in  the 
drop  machine  acted  in  a  similar  manner,  the  part  struck  in  the  drop  test 
having  been  a  rail  distance  of  g  feet  higher  up  the  ingot  than  the  part 
.bent  in  the  test  machine.  The  comparison  of  the  elongations  in  slow 
bending  and  in  the  drop  test  is  shown  in  the  following  table : 

Head  in  Tension, 
Drop.        Slow  Bending. 

A 9%  6% 

B 12%  17% 

C 9%  14% 

D 31%  .    20% 

The  elongations  are  rather  irregular,  but  it  will  be  noted  that  some- 
times the  elongation  was  greater  in  the  drop  test  and  sometimes  greater 
in  th^  slow  bending  test.  The  averages  of  all  the  results  were  I5?4% 
for  the  drop  tests  and  17%  for  the  slow  bending  tests,  which  suggests  that 
the  metal  behaves  about  the  same  in  the  two  tests. 

The  elastic  limit  in  bending  with  supports  three  feet  apart  is  shown 
by  the  deflection  diagrams  to  be  about  110,000  lbs.  for  all  the  rails.  There 
are  probably  slight  differences  between  the  different  rails,  but  the  method 
of  measurement  would  have  to  be  more  refined  to  detect  them  with 
certainty.  The  rails  seem  to  have  the  elastic  limit  about  2,000  lbs.  higher 
with  the  base  in  tension  than  with  the  head  in  tension. 

Finally,  I  wish  to  acknowledge  the  courteous  treatment  I  received 
from  the  officers  of  the  Lackawanna  Steel  Company  and  their  kindness 
in  freely  offering  the  facilities  of  their  plant  for  the  tests  discussed 
above.  The  thanks  of  the  committee  are  also  due  to  Mr.  A.  S.  Baldwin 
for  making  most  of  the  tracings. 


TESTS  OF  BESSEMERjRAILS— ILLINOIS  STEEL  CO., 
SOUTH  WORKS. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  covers  tests  of  some  ioo-lb.  Bessemer  rails,  A.  R.  A.  type 
B,  made  at  the  South  Chicago  Works  of  the  Illinois  Steel  Company,  May 
7,  1910,  Illinois  Steel  Company  section  10030. 


MANUFACTURE. 

The  test  rails  were  from  three  ingots  of  heat  24,888.  Lake  Superior 
ore  was  used  reduced  partly  in  ordinary  blast  furnaces  and  partly  in 
furnaces  using  dry  blast,  that  is,  air  which  had  been  cooled  to  reduce  its 
moisture  content.  The  metal  from  the  blast  furnaces  was  poured  into 
a  300-ton  mixer  from  which  it  was  weighed  and  poured  into  the  converter. 
Scrap  was  also  added  to  the  converter  and  after  blowing,  spiegel  was  added 
to  the  converter,  the  metal  was  poured  into  an  intermediate  ladle,  then  into 
the  teeming  ladle  and  finally  into  the  molds  through  a  i^-inch  nozzle.  The 
amounts  used  were  as  follows : 

Mixer  metal .27,100  lbs. 

Scrap    4,000  lbs. 

Spiegel    3,300  lbs. 

Samples  of  the  mixer  metal  and  spiegel  gave  the  following  results 
on  analysis : 

Carb.        Phos.  Sulph.  Mang.  Sil. 

Mixer  metal   4.14           .095  .036  .74  1.71 

Spiegel    4-32           .094  -014  H-38  2.38 

The  heat  made  eight  ingots,  each  ingot  making  three  rails.  Clay  wash 
was  used  on  the  stools  of  the  molds,  and  the  molds  were  sprayed  with  a 
little  coal  tar.     The  ingot  molds  were  18x195/2   inches  at  the  bottom  and 
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16x171/;  inches  at  the  top.  The  test  ingots  were  the  third,  fourth  and 
fifth  of  the  pouring,  with  an  average  weight  of  3,975  lbs.,  the  sample  for 
the  heat  analysis  being  taken  while  pouring  the  fifth  ingot.  These  ingots 
were  given  test  numbers  II-  i,  II-  2,  and  II-  3,  the  three  rails  from  ingot 
II-  1  being  used  for  our  various  special  tests  and  the  other  rails  being 
held  for  service  tests.  The  ingots  were  bloomed  to  8x8  inches  in  nine 
passes  and  finished  in  nine  passes,  making  a  total  of  18  passes  from  ingot 
to  finished  rail.  The  reduction  of  area  was  from  322.6  sq.  in.  to  10.1 
sq.  in.,  or  a  reduction  of  32  times.  The  areas  of  the  various  passes 
as  furnished  by  the  Steel  Company  of  their  section  10030,  which  is  the 
A.  R.  A.  type  B,  100-lb.  rail,  are  as  follows  : 


Pass 

Operation. 

Area. 

Pass  No. 

Operation. 

Area. 

No. 

Ingot 

322.6 

10 

1  st  rougher 

496 

1 

Blooming 

293.1 

11 

a                a 

33-3 

2 

it 

261.7 

12 

a               11 

25-3 

3 

(i 

215-5 

13 

2d  rougher 

19.7 

4 

a 

185.8 

14 

dummy 

18.8 

5 

ft 

148.5 

15 

finishing 

15-2 

6 

" 

1 19.8 

16 

" 

12.4 

7 

" 

975 

17 

n 

10.5 

8 

tt 

77-5 

18 

a 

10. 1 

9 

" 

65.2 

The  discards   were  as   follows : 

Il-I. 

Top  of  bloom    9.0% 

Top  of  rail  bar  1.5% 

Total  from  top  of  ingot 10.5% 

Bottom  of  bloom    3-6% 

Bottom  of   rail  bar 2.2% 

Total  from   bottom  of   ingot 5-8% 

Total  from   ingot    16.3% 


11-2. 

11-3- 

10.7%      . 

9.6% 

1.5% 

1-7% 

12.2% 

11.3% 

4-3% 

2.8% 

1.8% 

2.2% 

6.1% 

5-o% 

18.3% 

16.3% 

The  cambers  of  the  rails  before  straightening  were  as  follows: 

Concave  Head 

No.                                                                            Camber.  or  Base  Side. 

Il-i  A IMs-in.  Base 

B 1  Head 

C. \V2  Head 

11-2  A %-in.  Base 

B s^-in.  Head 

C i^4-in.  Head 

11-3  A i^-in.  Base 

B .i-rV-in.  Head 

C 2  Head 
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Pieces  were  cut  from  each  rail  of  ingot  Il-i  for  tests  as  listed  below : 

18  inches — Chemical   analysis,  etching  and   tensile   tests. 

A,Vt.  ft. — Drop  test — head  in  tension. 

4^2  ft. — Drop  test — base  in  tension. 

d,Vz  ft. — Bending  test — head  in  tension. 

4^  ft. — Bending  test — base  in  tension. 

CHEMICAL  ANALYSES. 
Analyses  were  made  of  two  samples  from  near  the  top  of  each  rail, 
as  shown  in  Fig.   i,  one   sample   from  the  upper  corner  of  the  head  to 


Fig.  i — Samples  for  Analysis. 
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represent  the  normal  metal  and  the  other  sample  from  the  web  to  represent 
the  segregated  metal  if  present.  These  analyses  and  the  heat  analysis  are 
given  in  the  following  table: 


Rail. 

Location. 

Carbon. 

Phos. 

Sulph. 

Mang. 

Sil. 

A 

Head 

•5i 

.094 

.036 

1.04 

.146 

Web 

•59 

."5 

.047 

1.07 

•154 

B 

Head 

•S3 

.100 

.038 

1.03 

.146 

Web 

•54 

.102 

.040 

1.04 

.149 

C 

Head 

•49 

1. 00 

•039 

1.04 

.144 

Web 

•S3 

.091 

•037 

1.02 

.146 

Heat  analysis 

•So 

.098 

.038 

1. 00 

•157 

JL  7$  A2  :  ETC  HtD  "~W  IT  W.  "COPP  E  R    AMM0I*fC^^CHL£3K3LE>B 
Fig.  2 — Top  End  of  A  Rail. 
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It  will  be  noted  that  the  web  of  the  "A"  rail  shows  a  little  segrega- 
tion of  the  carbon,  phosphorus  and  sulphur,  as  indicated  below : 

Carbon.  Phos.  Sulph. 

Head    51  -094                036 

Web    59  115                047 

Increase    18%  22%  31% 

The  B  and  C  rails  show  about  the  same  chemistry  in  the  head  and 
web.  The  manganese  and  silicon  show  but  little  segregation.  The  rails 
contained  no  other  element  besides  iron  and  the  ones  given  above. 

ETCHING. 

Sections  were  cut  from  near  the  top  of  each  rail,  polished  and  etched 
with  a  solution  of  copper  ammonium  chloride.  Photographs  of  the  etched 
surfaces  are  reproduced  in  Figs.  2,  3  and  4.     The  A  rail  shows  a  great 
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Fig.  3 — Top  End  of  B  Rail. 
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many  spots  and  streaks  which  probably  show  points  of  segregation  of  car- 
bon, phosphorus  and  sulphur,  although  some  may  perhaps  be  due  to  lami- 
nations and  slag.  The  B  and  C  rails  show  only  a  few  such  spots  and  streaks. 


TENSILE  TESTS. 

Tensile  tests  were  made  of  pieces  cut  from  near  the  top  end  of  each 
rail,  as  shown  in  Fig.  5.  It  was  intended  to  have  all  the  pieces  one-half- 
inch  diameter  with  a  gauge  length  of  two  inches,  but  through  misunder- 
standing the  pieces  from  the  head  and  base  were  made  9-16-inch  diam- 
eter and  those  from  the  web  and  flange  were  made  7-16-inch  diam- 
eter. The  results  of  the  tensile  tests  are  shown  in  the  following  table. 
Each  bar  for  the  test  pieces  was  cut  sufficiently  long  to  make  two  test 
pieces,  both  of  which  were  pulled.     Both  results  are  given  in  the  table: 


»L   1C2.      ETCHED    WITH    COPPER    AMMONIUM    CHLORIDE 

Fig.  4 — Top  End  of  C  Rail. 
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Distances  to  Base  and 
Fillets    to  be  E<puAu 


Fig.  5 — Tensile  Test  Pieces. 
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Tens.  Str. 
Rail.  Location.  per  sq.  in. 


114,500 

b,  head,  i 

nterior 

112,500 
128,150 

c,  web 

131,600 
130,500 

d,  flange 

124,700 
123,400 

e,  base 

123,000 
119,400 

B 

a,  head, 

corner 

120,600 
121,800 

b,  head, 

interior 

123,800 
125,900 

c,  web 

128,500 
125,300 

d,  flange 

124,700 
125,300 

e,  base 

125,000 
124,600 

C 

corner 

123,000 
122,200 

"  b,  head, 

interior  118,900 
118,900 

c,   web 

120,700 
122,100 

d,  flange 

126,500 
126,000 

e,  base 

123,000 
124,200 

Elongation 
in  2  in. 

Reduction 
of  Area 

4% 
6% 

5% 
5% 

2% 
7% 

0% 
5% 

11% 
8% 

20% 
11% 

10% 
10% 

18% 
15% 

13% 
5% 

26% 
2% 

17% 
17% 

3i% 
29% 

6%       . 
9% 

4% 
9% 

11% 
13% 

23% 
28% 

16% 
14% 

32% 
33% 

15% 
13% 

37% 
■-       27% 

16% 
16% 

30% 
30% 

15% 
12% 

25% 
16% 

13% 
14% 

30% 
3i% 

14% 

14% 

32% 

33% 

14% 

15% 

237o 
23%, 
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One  noticeable  feature  of  the  above  results  is  the  low  ductility  shown 
by  a  large  part  of  the  samples  from  the  A  rail,  especially  by  the  samples 
from  the  head.  In  all  the  rails  the  b  samples  from  the  interior  of  the 
head  showed  the  lowest  ductility.  A  comparison  of  the  tensile  strength  also 
is  interesting,  and  I  give  below  a  table  showing  the  tensile  results.  Each 
test  was  made  in  duplicate  and  in  the  table  I  give  the  tensile  strength  of 
the  sample  which  showed  the  greatest  ductility,  that  is,  the  highest  elonga- 
tion and  reduction  of  area.  When  the  material  breaks  brittle  with  low 
stretch,  its  full  strength  is  apt  not  to  be  developed,  and  this  was  evidently 
the  case  with  several  of  the  pieces  from  the  A  rail.  The  duplicates  from 
the  A  rail  show  some  large  differences,  but  in  the  B  and  C  rails  the 
duplicates  agree  well  with  each  other,  which  suggests  considerable  internal 
irregularities  in  the  A  rail.  In  the  table  below  I  have  omitted  the  tensile 
strength  of  the  a  sample  from  the  upper  corner  of  the  head  of  the  A  rail, 
as  both  duplicates  broke  "short." 


Location, 

A  Rail. 

B  Rail. 

C  Rail. 

a,  head 

120,600 

123,000 

b,  head 

128,150 

125,900 

118,900 

c,  web 

131,600 

125,300 

122,100 

d,  flange 

124,700 

124,700 

126,000 

e,  base 

123,000 

125,000 

124,200 

The  b  sample  from  the  interior  of  the  head  and  the  c  sample  from 
the  web  represent  what  was  originally  the  interior  of  the  ingot,  and  it  will 
be  noticed  that  in  the  A  rail  these  samples  showed  higher  strengths  than 
the  other  samples  of  the  section.  In  the  B  rail  these  samples  showed  re- 
sults a  little  higher,  while  in  the  C  rail  the  b  and  c  samples  showed  a 
lower  tensile  strength.  The  analyses  showed  a  larger  amount  of  the 
hardening  elements  in  the  interior  of  the  A  rail. 

The  a  sample  from  the  upper  corner  of  the  head  and  the  d  sample 
from  the  flange  would  be  metal  of  about  the  same  chemistry,  but  the  flange 
has  a  finishing  temperature  considerably  lower  than  the  head  and  the  metal 
is  also  reduced  differently,  and  I  give  below  a  table  showing  the  results 
from  these  two  places : 

Location.  A  Rail.  B  Rail.  C  Rail. 

Tensile  strength,  a,  head  H4,50O  120,600  123,000 

d,  flange  124,700  124,700  126,000 

Elongation  in  2  in.  a,  head  6%  17%  16% 

d,  flange  10%  16%  14% 

Reduction  of  area  a,  head  5%  3i%  3<>% 

d,  flange  18%  32%  33% 


The    a   sample   from   the   head  of  the    A    rail,   having   low   ductility, 
evidently  broke  "short"  and  gave  a  low  tensile  strength,  and  its  results 
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should  be  neglected  in  this  comparison.  In  the  B  and  C  rails  the  flange 
samples  show  somewhat  higher  tensile  strength  than  the  head  samples, 
but  show  about  the  same  ductility.  The  difference  in  finishing  temperature 
seems  therefore  to  have  produced  small,  if  any,  difference  in  the  tensile 
properties. 

The  b  sample  from  the  interior  of  the  head  and  the  c  sample  from  the 
web  would  be  of  similar  chemistry  as  representing  the  interior  of  the 
ingot,  but  the  web  is  thinner  and  probably  gets  more  work  in  rolling  and 
probably  is  finished  at  a  lower  temperature.  A  comparison  of  these  two 
locations  is  shown  below : 

Location.         A  Rail.  B  Rail.  C  Rail. 

Tensile  strength        b,  head  128,150  125,900  118,900 

c,  web  .131,600  125,300  122,100 

Elongation  in  2  in.  b,  head  7%  9%  1$% 

c,  web  11%  13%  14% 

Reduction  of  area    b,  head  5%  9%  25% 

c,  web  20%  28%  31% 

In  the  A  rail  the  web  shows  a  little  higher  tensile  strength  and  very 
much  greater  ductility  than  the  interior  of  the  head.  In  the  B  rail  the 
strength  is  about  the  same  in  the  two  locations,  but  the  ductility  is  very 
much  greater  in  the  web,  although  the  difference  is  not  quite  so  great  as  in 
the  A  rail.  In  the  C  rail  the  strength  is  a  little  greater  in  the  web  than 
in  the  interior  of  the  head,  but  the  ductility  is  about  the  same.  The  web 
increases  somewhat  in  ductility  as  we  go  down  the  ingot  from  the  A  to  the 
C  rail,  but  the  increase  in  ductility  of  the  interior  of  the  head  is  very 
striking.  We  have  already  seen  that  the  tensile  strength  of  the  interior 
metal  decreases  as  we  go  down  the  ingot,  the  total  decrease  being  almost 
10,000  lbs.  per  sq.  in.,  and  this  decrease  in  strength  is  almost  sufficient  to 
account  for  the  increase  in  ductility  in  the  web.  A  decrease  in  strength 
of  10,000  lbs.  per  sq.  in.  should  increase  the  elongation  about  3%  and  the 
reduction  of  area  about  4%  or  5%,  while  the  actual  increases  were  j%  and 
11%,  respectively.  The  increase  of  elongation  in  the  interior  of  the  head 
was  8%  and  the  increase  of  reduction  was  20%.  A  study  of  these  differ- 
ences in  connection  with  the  etchings  I  think  proves  very  interesting,  and 
perhaps  offers  a  suggestion  of  the  reason  for  the  difference.  The  etching 
of  the  A  rail  shows  a  great  many  spots  and  streaks,  most  of  which  are 
probably  centers  of  segregation  of  carbon,  phosphorus  and  sulphur,  al- 
though some  of  them  may  represent  laminations  and  slag  streaks.  In  the 
head  these  spots  retain  the  rounded  shape  which  they  probably  have  5n  the 
ingot,  while  in  the  web  they  are  flattened,  showing  that  they  are  stretched 
in  the  web  vertically  as  well  as  longitudinally,  and  they  must,  it  would 
seem,  be  broken  up  more  effectively  than  in  the  head.  The  B  and  C  rails 
contain  only  a  few  of  these  spots  and  streaks.  In  the  A  rail  the  -"nterior 
of  the  web  shows  good  ductility,  due,  as  suggested  by  the  above  observa- 
tions, to  the  segregation  spots  being  worked  effectively,  while  in  the  inte- 
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rior  of  the  head  the  work  seems  not  to  have  been  sufficient  to  impart  much 
ductility.  The  C  rail  shows  good  ductility  in  the  interior  of  both  the  head 
and  the  web,  according  to  this  explanation,  because  this  rail  contains  few 
or  no  segregation  spots  to  be  broken  down.  The  b  and  c  samples  of  the  B 
rail  have  properties  between  those  of  the  A  and  C  rails. 

DROP   TESTS. 

Two  drop  tests  were  made  of  each  of  the  three  rails,  one  with  the 
head  in  tension  and  the  other  with  the  base  in  tension,  and  the  results  are 
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Fig.  6 — Drop  Tests. 
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given  in  Fig.  6,  which  shows  the  deflections,  elongations  and  diagrams  of 
the  fractures.  The  tup  was  2,030  lbs.  and  the  height  was  19  ft.  9  in.,  which  is 
about  equivalent  to  a  tup  of  2,000  lbs.  at  a  height  of  20  ft.  The  standard 
spring-supported  anvil  of  10  tons  was  used,  with  supports  three  feet  apart. 
The  results  showing  deflection  after  the  first  blow  and  the  elongation  are 
compared  in  the  following  table : 

Elongation — 1st  Blow.  Deflection — 1st  Blow. 

Rail.  Head-Ten.         Base-Ten.  Head-Ten.     Base-Ten. 


5% 

1 

1 

15% 

2 

4 

18% 

2 

4 

A 5%  broke  5%  broke  

B 8%  6%  1.62"  1.58" 

C 8%  5%  i-66"  x.05" 

The  deflection  is  about  the  same  with  either  the  head  or  base  in 
tension,  but  the  head  elongates  about  50%  more  than  the  base  for  the  same 
deflection  of  the  rail.  The  B  rail  also  seems  to  be  a  trifle  stiffer  than  the 
C  rail. 

The  number  of  blows  which  broke  the  rails  and  the  maximum  elonga- 
tions obtained  were  as  follows : 

Maximum  Elongation.  No.  of  Blows. 

Rail.  Head-Ten.  Base-Ten.        Head-Ten.       Base-Ten. 

A 5% 

B 9% 

C 9% 

The  A  rail,  it  will  be  noted,  did  not  stand  one  blow  with  either  head  or 
base  in  tension.  Figuring  from  the  elongations,  the  A  rail  with  the  head 
in  tension  would  have  just  broken  with  a  drop  of  about  \2]/2  ft.  and  with  the 
base  in  tension  of  about  18  ft.  With  the  head  in  tension,  both  the  B  and  C 
rails  gave  almost  their  maximum  deflection  under  the  first  blow,  as  shown 
by  the  elongations.  Failure  occurred  at  9%  elongation,  while  the  first 
blow  gave  8%  elongation.  With  the  base  in  tension,  the  B  and  C  rails 
stood  the  first  blow  very  easily. 

The  three  fractures  with  head  in  tension  showed  fracture  lines  radiat- 
ing from  a  point  within  the  head,  indicating  the  point  where  the  breaks 
started.  The  fracture  of  the  C  rail  with  head  in  tension  showed  these 
fracture  lines  radiating  from  near  the  center  of  the  head  very  nicely,  and  a 
photograph  of  this  fracture  is  reproduced  as  Fig.  7  and  shown  as  test 
Il-i  C3. 


BENDING   TESTS. 

Two  pieces  4^2  ft.  long  v/ere  cut  from  each  rail  for  bending  in  the  test 
machine,  one  being  bent  with  the  head  in  tension  and  the  other  with  the 
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base  in  tension,  using  a  span  of  three  feet.  The  supports  were  flat  sur- 
faces whose  edges  were  three  feet  apart.  I  had  desired  to  bend  the  rails 
to  destruction,  but  was  permitted  by  the  steel  company  to  put  on  only 
sufficient  load  to  give  the  rails  a  permanent  set,  as  the  pieces  fly  badk  when 
the  rail  breaks.  Although  suitable  guards  can  be  put  up,  it  was  preferred 
not  to  take  the  possible  chance  of  damage  to  the  test  machine.  The  deflec- 
tions were  determined  by  measuring  the  distance  between  the  under  side 
of  the  rail  and  a  block  on  the  weighing  platform  of  the  test  machine,  using 
a  deflectometer  reading  to  .001  inch.  This  method  is  not  entirely  satis- 
factory, as  the  deflection  so  obtained  includes  the  drop  of  the  rail  adjusting 
itself  to  the  supports  and  the  compression  of  the  supports,  etc.,  but  it  al- 
lows an  approximate  determination  of  the  elastic  limit.  The  deflections 
obtained  are  show'n  in  the  following  table,  the  heading  "Head"  or  "Base" 
referring  to  the  part  in  tension : 


IL1C3:     FRACTURE    IN     DROP      TtST 


HEAD      IN     TEN  Si  OKI 


Fig.  7 — Fracture  Showing  "Star"  in   Head,  Indicating 
Initial  Point  of  Break. 
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Il-i  A. 

11- 

iB. 

11- 

[C. 

Head. 

Base.          Head. 

Base. 

Head. 

Base. 

.017" 

.021" 

012" 

.021" 

.026" 

.029" 

.042" 

:.044" 

•045" 

.051" 

•053" 

.066" 

.067" 

060" 

.  072" 

•075" 

.079" 

.092" 

.090" 

085" 

.  102" 

.100" 

.109" 

.118" 

.115" 

109" 

.  132" 

.  127" 

.144" 

.  132" 

.  128" 

123" 

.  152" 

.141" 

.162" 

•  149" 

•  143" 

138" 

.171" 

.158" 

.183" 

.  172" 

.156" 

159" 

.  192" 

.  182" 

.206" 

.211" 

•  174" 

•  197" 

.217" 

.232" 

.234" 

•  275" 

.210" 

265" 

•253" 

.306" 

.288" 

20,000  lbs. 

40,000  " 

60,000  " 

80,000  " 

100,000  " 

110,000  " 

120,000  " 

130,000  " 

140,000  " 

150,000  " 


The  above  results  are  plotted  in  Fig.  8,  showing  the  load-deflection  dia- 
grams, which  show  the  elastic  limit  of  these  rails  with  three  feet  span  to  be 
about  120,000  lbs.  with  the  head  in  tension  and  about  130,000  lbs.  with  the 
base  in  tension. 

Finally,  I  wish  to  acknowledge  the  courtesies  extended  to  me  by  the 
steel  company  in  offering  the  use  of  their  facilities  for  making  the  tests 
described  above,  and  the  considerable  help  I  obtained  from  their  efficient 
testing  organization. 


REP0RT40F  TESTS  OF  OPEN-HEARTH  RAILS— GARY 
WORKS,  ioo  LB.  A.  R.  A.  TYPE  B, 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  covers  tests  of,  some  ioo-lb.  open-hearth  rail,  A.  R.  A. 
type  B,  made  at  the  Gary  Works  (Ind.)  of  the  Illinois  Steel  Co., 
May    ii,    1910,    Gary    section    10030. 

MANUFACTURE. 

The  test  rails  were  from  three  ingots  of  heat  55178.  Lake  Su- 
perior ore  was  used,  reduced  in  blast  furnaces  using  ordinary  air 
and  having  the   following  average   charge : 

Coke     12,000  lbs. 

Stone 5,100  lbs. 

Ore    26,500  lbs. 

A  mixture  of  ores  was  used,  but  consisted  largely  of  Chapin  ore 
showing  analysis  as  follows : 

Per  cent. 

Iron  .' 54-63 

Aluminum     (about) ., 2.00 

Manganese    21 

Phosphorus   059 

Sulphur    trace 

Silica   (Si02)    5-51 

The  limestone  used  analyzed  about  as  follows : 

Per  cent. 

Calcium  oxide   54-67 

Magnesium  oxide   53 

Iron   and    aluminum   oxides 74 

Silica    68 

The  iron  from  the  blast  furnaces-  was  poured  into  a  mixer,  from 
which  it  was  weighed. 

The    process    of    steel    production    consisted    of    charging    limestone 
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and  ore  into  a  basic  open-hearth  furnace  heated  with  producer  gas  and 
piling  on  scrap.  The  charging  was  started  at  7 :20.  a.  m.  After  2^4 
hours  liquid  mixer  metal  was  added,  and  the  whole  was  melted  down 
until  the  tapping  test  showed  carbon  .26  per  cent,  by  fracture.  During 
the  melting,  small  quantities  of  fluor-spar  were  added  at  intervals  to 
make  the  slag  more  fluid  and  assist  in  the  melting.  The  additions  of 
fluor-spar  started  at  2 :5o  p.  m.  and  amounted  to  about  1,300  lbs.  total. 
At  3  :oo  p.  m.  a  furnace  sample  was  taken  and  the  phosphorus  found 
to  be  .012  per  cent.  At  4:25  p.  m.  150  lbs.  of  ore  was  added.  Mixer 
metal  to  recarbonize  was  added  to  the  furnace  at  5  :o2  p.  m.  The 
furnace  was  tapped  at  5:12  p.  m.  and  ferromanganese  (80  per  cent.) 
and  ferrosilicon  (50  per  cent.)  were  added  to  the  ladle,  shortly  after 
tapping. 

The  amounts  of  the  various  materials  used   were   as   follows : 

Pounds. 

Limestone    25,000 

Ore    (Chapin)    15,000 

Scrap  steel    60,400 

Mixer   metal,    1st   charge 110,900 

Mixer  metal,   to    recarbonize 24,000 

Ferromanganese    1,000 

Ferrosilicon     500 

A  sample  of  the  mixer  metal  used  to  charge  the  furnace  gave  the 
following  analysis : 

Per  cent. 

Carbon    3.85 

Silicon    1.73 

Manganese    1.50 

Phosphorus    215 

Sulphur .030 

(I  was  told  that  the  silicon  in  the  mixer  metal  ordinarily  averaged 
about  1.25  per  cent,  instead  of   1.73,  as  shown  above.) 

The  ferromanganese  and  ferrosilicon  had  compositions  about  as 
follows : 

Ferromanganese.        Ferrosilicon. 
Per  cent.  Per  cent. 

Manganese 80.0  .3 

Silicon    1.0  54.0 

Carbon     6.5  .3 

Phosphorus    3  .02 

Sulphur    04  .02 

The  heat  made  21  ingots  with  an  average  weight  of  8,073  lbs.  and 
each  ingot  made  six  rails.  The  stools  were  washed  with  clay  wash,  but 
the   molds   were   not   coated.    The   ingot   molds   were   20x24    in.    at   the 


430  TESTS   AND   CONCLUSIONS, 

bottom,  with  a  taper  of  %-'m.  per  foot,  making  a  72-in.  ingot  18^2x22^ 
in.  at  the  top.  The  metal  was  poured  through  a  2-in.  nozzle  and  the 
pouring  of  the  21  ingots  took  from  5:30  p.  m.  to  5:56  p.  m.,  or  26  min. 
The  ingots  selected  for  the  test  rails  were  the  eighth,  ninth  and  tenth 
of  the  pouring,  and  the  sample  for  ladle  analysis  was  taken  while 
pouring  the  tenth  ingot.  These  ingots  were  given  test  numbers,  Gl, 
G2  and  G3,  respectively.  The  six  rails  from  ingot  Gl  were  used  for 
our  various  special  tests  and  the  rails  of  the  other  two  ingots  are 
being  held  at  Gary,  to  be  later  used  for  service  test.  It  should  be 
stated  here  that  there  was  a  "running  stopper"  during  the  pouring 
of  this  heat,  that  is,  the  flow  of  metal  could  not  be  shut  off  while 
transferring  the  ladle  from  mold  to  mold,  which  occurrence  is  apt  to 
cause  scabby  ingots,  due  to  metal  splashing  on  the  sides  of  the  molds. 
The  ingots  for  test  rails  were  in  the  soaking  pit  from  7:04  p.  m.  to  9:13 
p.  m.,  or  2  hrs.  9  min. 

The  ingots  were  bloomed  to  8x8  in.  in  9  passes  and  finished  in 
9  passes,  making  a  .total  of  18  passes  from  ingot  to  rail.  The  reduc- 
tion of  the  rail  was  from  400  sq.  in.  at  the  top  of  the  ingot  to  10. 1  sq.  in., 
or  a  reduction  of  39  times.  The  areas  of  the  various  passes,  as  fur- 
nished by  the  Steel  Company  at  Gary,  of  their  section  10030,  which  is 
the  A.  R.  A.  type  B  100-lb.  rail,  are  as  follows: 

Pass                                         Area  Pass                                         Area 

No.                                         Sq.  in.  No.                                         Sq.  in. 

Ingot   400  10    43.2 

1    376-6  11    32.9 

2    282.4  12    25.2 

3    214.9  13    = 21.5 

4    164.8  14    17.8 

5    130.3  15    16.4 

6    107.9  16   13.2 

7   88.9  17   10.7 

8   70.8  18   10.1. 

9  1 58.9 

The  discards  in   pounds   of  the   three  test   ingots   were   as   follows : 

Gi  G2  G3 

Top    of   bloom 598  615  634 

Bottom   of  bloom 628  533  403 

Rail  bar — top    138           .       141  139 

Rail  bar — 1st  intermediate  crop 30  28  38 

Rail   bar — 2d    intermediate    crop 105  100  123 

Rail  bar — bottom    70  69  55 

Total  discard    1569  1484  1392 

Weight  of  6  rails 6600  6600  6000 

Total    weight    of    ingot 8169  8084  7992 
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The  discards  sheared  from  the  top  of  the  ingot  and  the  total  croppings 
from  the  ingot  are  shown  below,  expressed  in  per  cent. : 

Gi                   G2  G3 

Per  cent.  Per  cent.  Per  cent. 

Discard    from   top 9.0                    9.3  97 

Total   croppings    19.2                   18.3  17.4 

The  rails  at  Gary  are  sawed  with  gang-saws,  three  or  four  rails 
being  cut  at  one  time.  The  spacing  of  the  saws  just  previous  to  cut- 
ting the  test  rails  measured  33  ft.  6^  in.  for  each  of  the  three  rails 
cut  at  one  sawing.  The  length  of  the  rails  when  cold  and  after 
straightening,  and  the  camber  of  the  rails  before  straightening  are 
shown  in  the  following  table.  These  rails  all  had  "base  sweep,"  that 
is,  they  were  concave  on  the  head  side. 

Rail.                     Length.  Camber.  Rail.  Length.  Camber. 

Gi  A    33  ft. -rV  in.  3^  in.      G2  D   33  ft. -fV  in.  i1^  in. 

B    J4  in.  a,V%               E  -h  in.  3^ 

C    5^                F    &  in.  4lA 

D   %'m.  2%          G3A    33ft.#in.  &A 

E   y2  in.  4%               B    A  in.  2% 

F   -&in.  4XA     .          C    A  in.  3^ 

G2A    33  ft.  t!V  in.  2%               D  &  in.  1% 

B    y2  in.  2%               E fgin.  254 

C   A  in.  4*4               F   A  in.  2% 

Temperature  measurements  were  made  of  the  head  of  the  rail 
after  leaving  the  finishing  rolls  by  means  of  a  Thwing  radiation 
pyrometer,  and  I  give  below  the  readings  obtained.  How  close  these 
readings  were  to  the  actual  temperature,  I  cannot  say,  although  the 
instrument  was  new  and  probably  in  proper  adjustment.  Before  roll- 
ing, the  bloom  was  cut  in  two,  three  rails  being  rolled  in  one  bar, 
and  the  table  shows  the  temperature   of  both   rail  bars. 

Gi  G2  G3 

1st  bloom    895  °  C.  9100  C.  900*  C. 

2d  bloom    8900  C.  905*  C.  905 °  C. 

Before  rolling  these  rails  the  mill  had  been  shut  down  a  while,  and 
the  above  temperatures  are  about  500  C.  lower  than  they  had  been 
running,  as  shown  by  some  readings  taken  previous  to  the  rolling  of 
these  rails,  and  also  as  shown  by  the  length  of  the  cold  rails,  which 
were  about  J^-in.  too  long. 

Pieces  were  cut  from  each  rail  of  ingot  Gi  for  tests  as  listed  below, 
the  pieces  being  cut  in  order  from  the  top  and  as  shown. 

18  in. — Chemical  analysis,   etching  and  tensile  tests. 

4^  ft. — Drop  test — head  in  tension. 

4l/2  ft. — Drop  test — base  in  tension. 

4rA  ft. — Bending  test — head  in  tension. 

4%  ft. — Bending  test — base  in  tension. 
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The  rails  were  made  at  Gary,  but  those  from  ingot  Gi  were 
shipped  to  South  Chicago,  where  they  were  tested.  The  analyses  of 
the  mixer  metal  and  of  the  ladle  test  were  made  at  Gary,  and  the 
analyses  of  the   rails   were  made   at   South   Chicago. 

CHEMICAL   ANALYSES. 
Analyses  were   made  at   South   Chicago   of  two    samples    from   near 

I 


Fig.  i 


the  top  end  of  each  rail,  as  shown  in  Fig.   i,  one  sample  from  the  upper 
corner   of  the   head   and  the  other   from   the   web.    These   analyses   are 
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shown  in  the  table  below.  The  average  of  the  samples  from  the 
corner  of  the  head  should  be  about  the  average  metal  of  the  heat,  and 
I  show  this  average,  as  well  as  the  ladle  test  made  at  Gary.  This 
figure  is  also  used  below  to  determine  the  percentage  of  segregation. 


Rail.          Carb. 

Phos. 

Sulph. 

Mang. 

Sil. 

A— Head 

•69 

•045 

.031 

.76 

.219 

Web 

.87 

.048 

•043 

.80 

.230 

B— Head 

•74 

.042 

•039 

•75 

.224 

Web 

■79 

•055 

.046 

.83 

.232 

C— Head 

•75 

.040 

.040 

.81 

•234 

Web 

■77 

.042 

.040 

.80 

.220 

D— Head 

•76 

.038 

•037 

.81 

.226 

Web 

•73 

.038 

•037 

•79 

.222 

E— Head 

•74 

.050 

.038 

.87 

.2IO 

Web 

•7i 

.048 

•039 

.80 

.220 

F— Head 

•75 

.041 

.038 

.82 

.212 

Web 

•69 

.040 

.040 

.81 

.208 

Av.    hd.    samples 

■74 

•043 

•037 

.80 

.221 

Ladle  test  (Gary) 

•72 

036 

.036 

.72 

.20 

In  the  above  table  the  carbon  shows  about  18  per  cent,  segrega- 
tion in  the  web  of  the  A  rail,  showing  .87  per  cent,  in  the  web,  as 
against  an  average  of  the  steel  of  about  .74  per  cent.  Another  point 
of  special  interest  in  the  A  rail  is  the  low  carbon  in  the  corner  of 
the  head,  which  seems  to  show  a  little  negative  segregation  at  that 
place,  this  place  showing  .69  per  cent,  carbon,  as  against  an  average 
of  .74  per  cent.,  or  about  7  per  cent,  negative  segregation.  This  is 
interesting,  as  showing  that  we  have  in  the  center  of  the  A  rail,  at 
its  top  end,  about  the  highest  carbon  in  the  ingot,  while  at  the  same 
time  the  outer  portions  of  the  section  contain  about  the  lowest  carbon 
in  the  ingot,  the  variation  being  from  .87  to  .69  per  cent.  The  samples 
from  the  upper  corner  of  the  head  from  the  other  rails  of  the  ingot 
show  just  about  the  average  carbon.  The  samples  from  the  web  show 
decreasing  amounts  of  carbon  as  we  go  down  the  ingot.  In  the  D 
rail  about  the  average  carbon  is  shown,  while  the  E  and  F  rails  show 
slight  negative  segregation  in  the  web,  amounting  to  7  per  cent,  in  the 
top  end  of  the  F  rail.  The  results  on  phosphorus  are  very  irregular 
and  show  no  very  great  segregation,  although  there  is  a  suggestion 
of  a  little  increase  in  the  middle  of  the  two  upper  rails,  the  highest 
being  in  the  web  of  the  B  rail.  The  sulphur  is  fairly  evenly  distributed, 
but  shows  a  little  increase  in  the  web  of  the  A  and  B  rails.     Curiously 
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enough,  there  is  also  some  negative  segregation  in  the  upper  corner 
of  the  head  of  the  A  rail,  corresponding  to  a  similar  result  on  car- 
bon, although  the  web  of  the  F  rail  does  not  show  negative  segregation 
of  sulphur.  The  amounts  of  segregation  of  the  carbon,  phosphorus 
and  sulphur  are  shown  in  the  following  table: 

C.  P.  s. 

Average  of  head  samples 74  .043  .037 

Web  of  A  rail 87  

Wleb  of  B   rail .055  .046 

Increase  18^  28^  24^ 

The  manganese  and  silicon  are  fairly  evenly  distributed  and  show 
no  special  segregation.  For  more  convenient  comparison  the  carbon, 
phosphorus  and  sulphur  are  retabulated  below : 

Carbon.  Phosphorus.  Sulphur. 

Rail.        Head.   Web.  Head.     Web.  Head.    Web. 

A  .69       .87  .045        .048  .031        .043 

B  .74       .79  .042       .055  -039        046 

C  .75       -77  -040       .042  .040        .040 

D  .76       .73  038       .038  .037        .037 

E  .74       .71  .050       .048  .038       .039 

F  .75       -69  041       .040  .038       .040 

Av.   head   samples    .74  .043  .037 

Ladle  test  (Gary)    .72  .036  .036 

ETCHING. 

Sections  were  cut  from  near  the  tops  of  each  rail,  polished  and 
etched  with  a  solution  of  copper  ammonium  chloride.  The  A  rail  shows 
some  spots  and  streaks,  but  the  other  rails  show  an  even  structure.  Pho- 
tographs of  the  etched  sections  of  the  A  and  B  rails  are  reproduced  in 
Figs.  2  and  3.  The  C,  D,  E  and  F  rails  were  very  similar  in  appearance 
to  the  B  rail,  but  are  not  reproduced. 

TENSILE  TESTS. 

Tensile  tests  were  made  of  pieces  J^-in.  diameter  by  2-in.  gauge 
length,  cut  from  near  the  top  end  of  each  rail,  as  shown  in  Fig.  4. 
Five  locations  in  the  sections  were  selected  as  shown,  and  tests  were 
made  in  duplicate,  the  bar  being  cut  sufficiently  long  to  make  two  test 
pieces.  The  yield  point  was  determined  by  means  of  a  Capp's  mul- 
tiplying divider,  which  method  gives  a  result  somewhat  above  the 
elastic  limit,  but  which,  however,  is  probably  sufficiently  definite  to 
make  it  desirable  to  determine  it,  and  is  not  subject  to  the  irregu- 
larities of  the  yield  point  as  determined  by  the  drop  of  the  beam  of 
the  test  machine,  or  even  by  ordinary  dividers.  The  test  pieces  were 
very  close  to  j4-in.  diameter  at  the  center,  but  toward  the  ends  of  the 
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gauge  length  most  of  them  were  from  .002  to  .004  in.   larger  in   diam- 
eter.    This   would  tend   to  make   the   elongation   less   than  if   the   diam- 
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Fig.  2 


eter  were  perfectly   uniform,   but   I   am   unable   to   state   how   much   the 
result  obtained  was   affected. 
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The   results  of  the  tensile  tests   are   shown   in   the   following  table : 


Yield  Point    Tensile  Str. 
lbs.  per  lbs.  per 


Elong.    Reduction 
per  cent,     of  area 


Rail.   Locati 

on. 

sq.  in. 

sq.  in. 

Ratio. 

in  2  in. 

per  ce 

A  a — head, 

cor. 

63,930 

124,800 

51 

10 

15 

61,640 

125,800 

49 

9-5 

19 

b — head, 

int. 

69,510 

134,400 

52 

8 

12 

70,020 

133,900 

52 

9 

16 

c — web 

134,900 

7 

8 

73.o6o 

141,000 

52 

9 

10 

d — flange 

65,960 

121,700 

54 

M 

26 

65,060 

123,300 

54 

12 

21 

e — base 

60,890 

109,600 

3-5 

2 

56,820 

120,200 

47 

11 

19 

B  a — head, 

cor. 

63,420 

128,800 

49 

H-5 

20 

65,690 

128,300 

51 

11 

10 

b — head, 

int. 

66,970 

1.5 

2 

68,220 

135,900 

50 

9 

16 

c — web 

70,310 

i37,ooo 

51 

11 

19 

70,010 

137,000 

5i 

9-5 

19 

d — flange 

66,970 

132,000 

50 

10.5 

19 

65,690 

129,800 

51 

12 

23 

e — base 

64,940 

129,400 

50 

10 

19 

63.930 

126,800 

50 

10 

16 

C  a — head, 

cor. 

67,710 
65,690 

130,000 

52 

II.5 

3 

22 

3 

b — head, 

int. 

66,970 

132,900 

So 

10 

16 

69,230 

133.400 

52 

10 

17 

c — web 

66,970 

133,900 

50 

II 

20 

66,230 

133,900 

50 

II-5 

21 

d — flange 

66,490 

132,900 

50 

12.5 

26 

• 

67,480 

133,400 

5i 

12.5 

27 

e— base 

64,170 

128,300 

50 

10.5 

19 

64,170 

128,800 

5o 

II 

19 
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Yield  Point 

Tensile  Str. 

Elong. 

Reduction 

lbs.  per 

lbs.  per 

per  cent. 

of  area 

Rail.        Location. 

sq.  in. 

sq.  in. 

Ratio. 

in  2  in. 

per  cent. 

D    a— head, 

cor. 

67,090 

132,400 

51 

12 

19 

68,720 

130,900 

52 

11 

21 

b — head, 

int. 

64,940 

129,300 

SO 

11 

16 

65,930 

128.300 

52 

11 

21 

c — web 

66,930 

130,800 

5i 

11 

24 

66,970 

131,900 

51 

11. 5 

23 

d — flange 

70,020 

133,900 

52 

13 

28 

70,460 

134,400 

52 

12.5 

27 

e — base 

65,690 

130,900 

50 

10 

20 

69,290 

132,400 

52 

10.5 

19 

E    a— head, 

cor. 

66,740 

127,900 
125,300 

52 

11 
11 

19 
19  > 

b — head, 

int. 

63,920 

124,800 

5i 

11 

20 

64,180 

124,300 

52 

11 

21 

c — web 

64,940 

128,900 

50 

12.5 

25 

66,460 

128,900 

52 

12 

23 

d — flange 

67,440 

131,800 

51 

12 

26 

68,220 

132,400 

52 

12 

25 

e — base 

68,220 

129,800 

53 

11 

20 

69,510 

130,400 

53 

10.5 

19 

F    a — head, 

cor. 

65,210 

128,400 

51 

12 

19 

63,420 

128,300 

50 

12 

20 

b — head, 

int. 

60,900 

120,800 

50 

12 

22 

66,500 

123,700 

54 

12 

21 

c — web 

64,680 

125,300 

52 

13 

25 

64,180 

125,800 

5i 

13 

25 

d — flange 

70,020 

132,400 

53 

II-5 

27 

67,710 

131,000 

51 

12.5 

21 

e — base 

63,670 

127,300 

50 

11 

20 

68,950 

128,300 

54 

11 

20 
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The  duplicates  agree  well  with  each  other  except  in  a  few  cases 
where  the  test  pieces  broke  "short"  as  follows :  One  sample  from 
base   of  the   A   rail,   one   sample   from   the  interior   of   the  head   of  the 
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Fig.  3. 

B  rail  and  one  sample  from  the  corner  of  the  head  of  the  C  rail. 
One  sample  from  the  web  of  the  A  rail  should  probably  also  be  classed 
here.    The  duplicates   from  the   lower   rails   of  the   ingot   agree   partic- 
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Distances  to  Base  amo 
Fillets   to  BE  E9UAU 


Fig.  4 


darly    well,    indicating     a     freedom    from     local     irregularities.     The 

ratio     oT    the     yield     point     to     the     tensile     strength     averages     about 
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51  per  cent,  and  most  specimens  differ  but  little  from  this  figure.  A 
comparison  of  the  tensile  strength  is  interesting,  and  I  give  below  a 
table  showing  the  tensile  results,  showing  the  tensile  strength  of  the 
sample  in    each   pair   that   gave   the   greatest   ductility. 

a — head,         b — head, 


Rail,  corner. 

interior. 

c — web. 

d — flange. 

e — base. 

A — 124,800 

133,900 

141,000 

121,700 

120,200 

B— 128,800 

135,900 

137,000 

129,800 

129,400 

C— 130,900 

133,400 

133,900 

133,400 

128,800 

D— 132,400 

128,300 

131,900 

133,900 

132,400 

E — 127,000 

124,300 

128,900 

131,800 

129,800 

F — 128,300 

120,800 

125,300 

131,900 

128,300 

Aver.        128,800  129,400  133,000  130,400  128,200 

The  b  samples  from  the  interior  of  the  head  and  the  c  sample  from 
the  web  represent  what  was  originally  the  interior  of  the  ingot,  and 
in  the  A  rail  these  samples  show  strengths  much  higher  than  the 
samples  from  the  other  parts  of  the  section  representing  what  was  the 
outer  part  of  the  ingot.  This  is  also  true  of  the  B  rail,  but  to  a  less 
extent,  and  also  of  the  C  rail  to  a  slight  extent.  As  we  continue 
down  the  ingot,  however,  conditions  are  reversed,  and  we  find  in  the 
D  rail  a  little  lower  strength  in  the  samples  from  the  interior  than  in 
the  samples  representing  what  was  the  outer  portion  of  the  ingot. 
This  difference  is  greater  in  the  E  rail  and  greatest  in  the  F  rail. 
This  corresponds  with  what  we  have  already  noted  above  concerning 
the  distribution  of  the  carbon  in  the  ingot,  namely,  that  in  the  interior 
it   decreases   from   the   top   downward. 

The  A  rail  also  shows  another  striking  feature.  We  have  already 
seen  that  the  outer  part  of  the  section  of  this  rail  shows  a  negative 
segregation  of  carbon,  and  this  condition  is  also  reflected  in  the  re- 
sults of  the  tensile  tests.  The  average  tensile  strength  of  all  the 
"outer"  samples  is  129,100  lbs.  per  sq.  in.,  which  may  be  called  the . 
strength  of  the  average  metal  of  the  ingot.  In  all  the  rails  except 
the  A  rail,  the  outer  samples  approximate  this  strength,  but  in  the 
A  rail  the  outer  samples  fall  considerably  under  this  figure,  which 
agrees  with  the  results  of  the  analysis.  The  base  shows  a  strength 
of  120,200,  which  is  the  lowest  in  the  table.  As  the  center  portion  of 
the  web  showed  a  strength  of  141,000,  which  is  the  highest  result 
obtained,  the  top  of  the  A  rail  contains  both  the  metal  of  maximum 
and  of  minimum  tensile  strength,  and  this  difference  corresponds  to 
the   difference    found   in  carbon. 

The  a  sample  from  the  corner  of  the  head  and  the  d  sample 
from  the  flange  would  be  metal  of  similar  chemistry,  but  the  flange 
has  a  considerably  lower  finishing  temperature  and  is  also  reduced 
differently,  and  J  give  below  a  table  comparing  the  results  from  these 
two  places. 
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Tensile  Strength 

Elongat: 

ion. 

Reduction 

per  sq. 

in. 

in  2  in 

.. 

of 

area. 

Rail          a 

d 

a 

d 

a 

d 

A — 124,800 

121,700 

10% 

14% 

15% 

26% 

B— 128,800 

129,800 

1 1-5 

12 

20 

23 

C — 130,000 

133,400 

"•5 

12.5 

22 

27 

D — 132,400 

133,000 

12 

13 

19 

28 

E — 127,000 

131,800 

11 

12 

19 

26 

F — 128,300 

131,900 

12 

12.5 

20 

21 

Av.  B  to  F — 129,700  132,200  1 1. 6         12.4         20  25  t 

The  d  sample  from  the  flange  of  the  A  rail  is  abnormal  with  a  low 
strength  and  high  ductility,  being  evidently  taken  at  a  point  of  negative 
segregation  of  carbon,  but  except  for  this  sample,  the  d  samples  from  the 
flange  show  a  little  higher  strength  and  also  a  little  greater  ductility. 
As  the  difference  in  the  work  of  rolling  is  perhaps  sufficient  to  ac- 
count for  this,  the  conclusion  seems  to  be  that  the  difference  in  rolling 
temperature  has  not  resulted  in  any  important  difference  in  the  tensile 
properties. 

The  b  sample  from  the  interior  of  the  head  and  the  c  sample  from 
the  web  would  be  of  similar  chemistry,  as  representing  the  interior  of 
the  ingot,  but  the  web  is  thinner  and  gets  more  work  in  rolling  and 
probably  is  finished  at  a  lower  temperature.  A  comparison  of  these 
two  locations  is  shown  below : 


Tensil 

e  Strength 

Elongat 

ion 

Reduction 

per  sq.  in. 

in  2  in 

:. 

of; 

irea. 

Rail.        b 

c 

b 

C 

b 

c 

A— 133,000 

141,000 

9% 

9% 

16% 

10% 

B— 135,900 

137,000 

9 

11 

16 

19 

C— 133,400 

133,900 

10 

H-5 

17 

21 

D — 128,300 

131,900 

11 

ii-5 

21 

23 

E — 124,300 

128,900 

11 

12.5 

21 

25 

F — 120,800 

125,300 

12 

13 

22 

25 

Av.  BtoF — 128,500  131,400  10.6         11.9         19.4         22.6 

In  the  A  rail  it  is  probable  that  the  carbon  is  higher  in  the  web 
sample  than  in  the  head  sample,  but  in  the  other  rails  there  probably 
are  no  great  differences,  and  the  averages  I  show  above  are  of  the  B 
to  F  rails  inclusive.  The  tensile  strength  of  course  decreases  as  we 
go  down  the  ingot  and  the  ductility  increases,  as  we  have  already  seen 
above.  The  web  samples,  as  compared  with  the  head  samples,  show 
a  little  greater  strength,  an  average  of  131,400  lbs.,  as  against  128,500 
lbs.,  and  also  a  little  greater  ductility,  an  average  elongation  of  1 1.9 
per  cent.,  as  against  10.6  per  cent.,  and  a  reduction  of  area  of  22.6 
per  cent.,  as  against  19.4  per  cent.  This  difference,  it  would  seem,  is 
probably   due  to  the   increased   work   in   rolling  that   the   web   gets.    It 
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is  also  interesting  to  note  that  the  top  rails  show  as  good  ductility  in 
the  head  samples  as  the  lower  rails,  allowing,  of  course,  for  the  dif- 
ference in  tensile  strength,  which  would  make  about  3  per  cent,  de- 
crease in   elongation   for  an   increase   in  tensile   strength   of   10,000  lbs. 

DROP  TESTS. 

Two  drop  tests  were  made  of  each  rail,  one  with  the  head  in  ten- 
sion and  the  other  with  the  base  in  tension,  with  results  as  shown  in 
the  tables,  which  show  the  deflections  of  the  rails,  the  elongations  of 
the   metal    on    the    side    in    tension,    and    diagrams     of     the    fractures. 
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In  the  tests  of  the  A,  B  and  C  rails  the  tup  was  2,030  lbs.  and  height 
of  drop  19  ft.  9  in.,  which  is  about  equivalent  to  a  tup  of  2,000  lbs. 
with  a  height  of  20  ft.  In  the  tests  of  the  D,  E  and  F  rails  the  tup 
was  2,oco  lbs.  and  the  height  of  drop  was  20  ft.  The  standard  spring- 
supported  anvil  was  used,  with  rail  supports  3  ft.  apart.  Unfor- 
tunately, the  striking  die  of  the  tup  and  the  rail  supports  were  in 
rather  worn  condition  in  the  tests  of  the  A,  B  and  C  rails,  and  un- 
doubtedly the  nature  of  the  fracture  was  largely  determined  by  this 
condition  of  the  test  apparatus  in  the  test  of  the  A  rail  with  base 
in  pension  and  of  the  B  rail  with  head  in  tension,  both  of  which  broke 
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on  the  first  blow.  The  A  rail  with  head  in  tension  also  broke  on  the 
first  blow,  but  the  nature  of  the  fracture  shows  that  the  break  was 
not  influenced  in  this  case  by  the  condition  of  the  supports  and  striking 
die. 

The    results    showing    the    deflection    after    the    first    blow    and    the 
maximum    elongation    of    the    metal    in    tensicn    are    compared    in    the 
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c^  ^p 

2 

Z.7* 

i.ojr 

I.OB 

I.IZ 

I.I* 

l.i* 

i.iZ 

3 

BftOKC 

1. OS- 

I.OB 

LIZ 

lit 

I.I* 

I.IZ 

61  rs 

0Ase 

to 

I 

•  sz 

LO  3 

1    03 

1.04 

1.  04 

l.O* 

1.04 

C^3    Sip 

Z 

z.ci 

1  OS 

1  OS 

1.07 

1.1/ 

III 

1.09 

3 

3  es 

1  OS 

1  07 

1.10 

1.  14 

1.  IS 

1.14 
114 

4 

BMOKE 

I.OS 

i.or 

1.13 

LIS 

_ 

following  table.     In   figuring   the   averages,   the    results    where   the    rail 
broke  on  the  first  blow,   are  excluded. 


Elongation — ist  blow. 


Deflection — ist  blow. 


Head 

Rail. 

Tension 

A 

4%  broke. 

B 

. . .  broke. 

C 

7 

D 

7 

E 

8 

F 

7 

Average 

7-3% 

Base 


5% 

4 

4 

5 

4 

4-4% 


broke. 


Head 


1.46  in. 


Base. 


— 

1.44  m 

1.35 1". 

1.32 

1.42 

1.48 

1.52 

1.50 

1-57 

1-52 

1-45  m. 
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It  will  be  noted  that  the  deflection  is  about  the  same  with  either 
the  head  or  base  in  tension,  but  the  maximum  stretch  of  the  metal 
is  66  per  cent,  greater  when  the  head  is  in  tension.  In  a  general 
way,  also,  the  deflection  of  the  rail  increases  as  we  go  down  the  ingot, 
showing  the  upper  rails  to  be  stiffer,  which  agrees  with  the  indications 
of  both  the  chemical  and  tensile  tests.  The  figures  for  deflection  are 
not  complete  in  the  above  table,  but  roughly  the  upper  rails  may  be 
said  to  be  about  20  per  cent,  stiffer  than  the  bottom  rail,  as  measured 
by  the  deflection   under  a   drop   of  20  ft. 

I  give  below  a  table  showing  the  maximum  elongations  obtained 
under  successive  blows  when  the  rail  did  not  break  as  a  result  of 
the    blow : 

Elongation — Head  Tension.  Elongation — Base  Tension. 


I  St 

2d 

3d 

1st 

2d 

3d 

Rail. 

blow. 

blow. 

blow. 

blow. 

blow. 

blow. 

A   , 

.. 

B 

5% 

10% 

15% 

C 

7% 

15% 

19% 

4 

8 

D 

7 

16 

4 

10 

17 

E 

8 

16 

5 

11 

16 

F 

7 

16 

4 

11 

IS 

Aver.      7.3  15.8  4.4  10  15.8 

This  table  is  useful  in  calculating  from  the  elongation  which  the 
metal  gave  at  fracture,  the  approximate  height  of  blow  v/hich  would 
be  just  sufficient  to  cause   fracture,  and  will  be   so  used  below. 

The  number  of  blows  which  broke  the  rails  and  the  maximum 
elongations  obtained  are  shown  in  the  following  table : 

Maximum  Elongation. 


Head 

Base    . 

Rail. 

Tension. 

Tension 

A 

4% 

B 

19 

C 

19 

10 

D 

21 

20 

E 

21 

17 

F 

16 

15 

No.  of  Blows. 

Head 

Base 

Tension. 

Tension. 

1 

1 

1 

4 

4 

3 

3 

4 

3 

4 

3 

4 

The  A  rail,  both  with  head  tension  and  with  base  tension,  and 
the  B  rail,  with  head  tension,  broke  on  the  first  blow.  In  the  two 
latter  tests  the  failure  was  probably  due  in  part,  as  explained  above, 
to  the  condition  of  the  rail  supports  and  striking  die,  but  in  the  test 
of  the  A  rail  with  head  tension,  the  break  was  a  square  one  where 
hit,  and  the  test  was  a  fair  one.  The  average  maximum  elongation 
of  the  metal  with  head  tension  after   the  first  blow,  when   failure   did 
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not  occur,  was  7.3  per  cent.,  and  as  the  A  rail  with  head  tension  broke 
at  4  per  cent,  elongation,  we  may  figure  roughly  that  this  rail  would 
have  just  broken  with  a  drop  of  about  11  ft.  Figuring  in  a  some- 
what similar  manner,  and  using  the  table  of  elongations  under  suc- 
cessive blows  given  above,  I  show  below  the  approximate  height  that 
the  tup  would  have  to  fall  from  to  just  cause  fracture  of  the  rails. 
I  have  taken  the  elongation  at  the  last  blow  which  did  not  cause 
failure  and  assumed  each  additional  per  cent,  elongation  above  this 
was  due  to  an  additional  drop  of  2.5  ft.  in  head  tension  and  3.8  ft. 
in  base   tension. 


Rail. 

Head  Tension. 

Base  Tension. 

A 

lift. 

B 

75  ft. 

C 

60 

48 

D 

53 

71 

E 

53 

7i 

F 

40 

60 

If  given  in  one '  blow  of  full  height,  instead  of  several  blows  of 
lesser  height,  the  above  heights  would  have  to  be  lessened  by  l/2-it. 
for  each  blow  less  in  number  than  was  actually  used,  as  calculation 
shows  that  about  J^-ft.  drop  of  a  2,000-lb.  weight  is  absorbed  within 
the   elastic  limit. 

A  study  of  the  fracture  lines  shows  that  with  the  head  in  ten- 
sion, the  fracture  started  from  a  point  near  the  middle  of  the  head 
in  all  cases  except  the  F  rail,  where  the  fracture  seems  to  have 
started  from  near  the  top  of  the  head.  With  the  base  in  tension,  in 
three  of  the  six  tests,  the  fracture  started  in  the  web,  due,  evidently,  to 
the  sidewise  buckling.  In  the  other  cases  it  seems  to  have  started 
near   the   bottom   of   the   base. 

BENDING   TESTS. 

Two  pieces,  4^2  ft.  long,  were  cut  from  each  rail  for  bending  in 
the  test  machine,  one  being  bent  with  the  head  in  tension  and  the 
other  with  the  base  in  tension,  using  a  span  of  3  ft.  The  supports 
were  flat  surfaces,  whose  edges  were  3  ft.  apart.  Only  sufficient  load 
was  put  on  to  give  the  rails  a  permanent  set.  The  deflections  were 
determined  by  measuring  the  distance  between  the  under  side  of  the 
rail  and  a  block  on  the  weighing  platform  of  the  test  machine,  using 
a  deflectometer  reading  to  .001  inch.  This  method  is  not  entirely 
satisfactory,  as  the  deflection  so  obtained  includes  the  drop  of  the 
rail  adjusting  itself  to  the  supports,  the  compression  of  the  supports, 
etc.,  but  it  allows  an  approximate  determination  of  the  elastic  limit. 
The  deflections  in  inches  are  shown  in  the  following  tables,  the 
heading   "Head"    or    "Base"    referring   to   the    part    in   tension. 
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GiA 

GiB 

GiC 

Load.    Head.   Base.    Head.    Base.   Head. 

Base. 

20,000 

036 

023 

028 

032 

040 

.031 

40,000 

060 

047 

064 

057 

068 

•057 

60,000 

085 

.072 

088 

085 

093 

.086 

80,000 

no 

.098 

114 

114 

119 

.119 

90,000 

125 

.110 

128 

130 

133 

•135 

100,000 

140 

.125 

143 

146 

147 

•153 

105,000 

148 

.132 

151 

154 

155 

.161 

110,000 

157 

.140 

160 

163 

163 

.170 

115,000 

168 

.149 

170 

173 

170 

.180 

120,000 

180 

•  159 

180 

183 

179 

.191 

125,000 

193 

.168 

192 

194 

190 

.203 

130,000 

209 

•  179' 

207 

207 

199 

.213 

135,000 

224 

220 

210 

.227 

140,000 

250 

.210 

242 

240 

236 

•243 

150,000 

303 
GiD 

•255 

29s 
GiE 

289 

.262 

GiF 

.290 

Load.    Head.    Base.    Head.    Base.   Head. 

Base. 

20,000 

030 

•034 

032 

029 

.032 

.028 

40,000 

055 

.064 

060 

058 

•055 

•054 

60,000 

080 

.097 

084 

089 

.079 

.085 

80,000 

105 

.132 

112 

124 

.104 

.116 

100,000 

134 

169 

140 

163 

•134 

.152 

105,000 

143 

.178 

152 

173 

•143 

.161 

110,000 

153 

.189 

159 

184 

.152 

.171 

115,000 

164 

.199 

169 

194 

.163 

.182 

120,000 

174 

.210 

180 

207 

•175 

.194 

125,000 

187 

.222 

195 

221 

.192 

.207 

130,000 

203 

236 

212 

236 

.209 

.225 

135,000 

223 

.251 

232 

254 

•234 

.247 

140,000 

244 

.266 

254 

278 

.261 

.276 

150,000 

301 

•3i3 

314 

333 

•325 

•340 

The  load  deflection  diagrams  plotted  from  these  tables  are  shown 
as  Fig.  5.  The  elastic  limit  is  not  sharply  defined  on  these  curves, 
partly  because  of  the  faulty  method  of  getting  the  deflections,  as  ex- 
plained above,  and  partly,  I  presume,  because  the  elastic  limit  prob- 
ably is  not  very  sharply  defined  with  a  bending  load.  Roughly,  the 
elastic  limit  with  a  3-ft.  span  with  the  base  in  tension  seems  to  be 
about  130,000  lbs.  for  all  the  rails.  With  the  head  in  tension,  it 
seems  to  be  about  the  same  for  B  and  C  rails,  but  for  the  other 
rails  seems  to  be  about  5,000  or  10,000  lbs.  lower.  The  elastic  limit 
of  the  A  rail  with  head  in  tension,  as  indicated  by  the  diagram,  is 
indeed    only    115,000   lbs.    This    is    curious,    but    is    at    least    partly    ac- 
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counted    for    when    we    remember    that    we    found    the    carbon    and    the 
tensile  strength   low  in  the  outer  portions   of  the  section   of  this   rail. 


Fig.  S 


Finally  I  wish  to  state  that  the  thanks  of  the  Rail  Committee  are 
due  to  the  officers  of  the  Steel  Company  for  the  use  of  their  -facilities 
for  making  the  tests  described  above  and  for  the  considerable  help 
given  me  in  making  the  tests. 


TESTS   OF  BESSEMER  RAILS— EDGAR  THOMSON  WORKS 
OF  THE  CARNEGIE  STEEL  CO.,  90  LB.  A.  R.  A.  TYPE  B 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This   report  covers   tests,  of   some   90-lb.   Bessemer   rails,   A.  R.   A. 

type  B,  made  at  the  Edgar  Thomson  Works  at  Braddock,   Pa.,  of  the 

Carnegie    Steel    Company,    July    26,    1910,    Carnegie    section    90  R.    B. 
Heat  3043. 

MANUFACTURE. 

Lake  Superior  ore  was  used.  The  iron  from  the  blast  furnaces 
was  poured  into  a  mixer,  from  which  it  was  weighed  into  a  ladle. 
The  metal  was  then  poured  into  the  converter,  scrap  added,  blown 
with  17  lbs.  pressure,  and  poured  into  the  teeming  ladle,  liquid  spiegel 
being  poured  into  the  ladle  at  the  same  time.  There  were  no  other 
additions.  From  here  the  metal  was  poured  into  the  molds  through  a 
iJ4-in.  nozzle.    The  amounts  of  the  materials  used  were  as  follows: 

Mixer  metal 34,100  lbs. 

Scrap  steel   2,000  lbs. 

Spiegel     3,445  lbs. 

Samples  of  the  mixer  metal  and  spiegel  gave  the  following  results 
on  analysis: 

Carb.            Phos.            Sulph.  Mang.  Sil. 

Mixer   metal    3.86               .096               .040  .79  1.55 

Spiegel     4.42               .124               .016  12.05  .92 

The  operations  occurred  at  the  following  times : 

Started  blowing  11 :49j^  a.  m. 

Finished    blowing    12  :o6     p.  m. 

Time  used  to  blow 171^  minutes 

Started   to    pour    into    the    ladle 12  :o6  p.  m. 

Started  to  pour  into  the  molds 12:10  p.m. 

Time  from  finish  of  blowing  to  start  of  pour- 
ing  into    molds 4  minutes 

Finished  pouring  into  the  molds 12 117  p.  m. 
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The  heat  made  seven  ingots  with  an  average  weight  of  5,207  lua. 
The  molds  were  18^2x19^2  in.  at  the  bottom,  17^2x18^2  in.  at  the  top 
and  70  in.  high,  and  the  ingots  were  about  63  in.  high.  The  stools 
and  molds  were  sprayed  with  clay  wash  and,  directly  after  pouring,  the 
ingots  were  covered  with  about  one-half  shovelful  (about  il/2  lbs.) 
of  fire  clay.  The  ladle  test  was  taken  at  the  end  of  the  pouring  of 
the  second  ingot.  Three  ingots  were  taken  for  the  test  rails,  namely, 
the  2d,  3d  and  4th  of  the  pouring,  and  were  given  test  numbers  ETi, 
ET2  and  ET3.  The  ingots  were  in  the  soaking  pits  from  1 107  p.  m. 
to  2 :43  p.  m.,  or  1  hr.  36  min.  The  temperature,  as  determined  with 
a  Thwing  radiation  pyrometer  pointed  at  the  side  of  the  ingot  in  the  pit 
through  the  peep  hole  at  2 :20  p.  m.,  was  1,210°  C.  The  ingots  were 
bloomed  to  ^Viy^Vi  in.  in  seven  passes  and  cut  into  two  blooms,  crop- 
pings  being  sheared  from  the  top  and  bottom.  The  blooms  were  then 
put  into  reheating  furnaces  from  2 :46  p.  m.  to  3 104  p.  m.,  or  18  min., 
and  then  rolled  into  rails  in  13  passes,  making  a  total  of  20  passes 
from  ingot  to  rail.  The  total  reduction  was  from  328  sq.  in.  at  the 
top  of  the  ingot  to  9  sq.  in.,  or  36  times.  The  areas  of  the  various 
passes,  as  furnished  by  the  Steel   Company,  were   as  follows : 

Area.  Pass.  Area. 

Ingot,  bottom    350  10     54.1 

Ingot,  top   328  11     45.0 

Pass.  12     37.0 

1     288.1  13     29.6 

2     244.0  14     24.8 

3     204.0  15     21.0 

4     170.1  16     16.7 

5     140.0  17     13.1 


6     112.0      \l 


10.9 


7    88.4      19     9.5 

8    74.0     20     9.0 

9     65.3 

The  discards  in  pounds  of  the  three  test  ingots  were  as  follows: 

ETi 

Bloom— top    850 

Bloom — bottom   160 

Rail    bar — top     " 56 

Rail    bar — 1st    intermediate 35 

Rail    bar — 2d    intermediate 46 

Rail    bar — bottom    50 

Total  discard    1 197 

Weight    of   4    rails 3992 

Total   weight  of  ingot 5189  5128  sigs 


LT2 

ET3 

78s 

755 

155 

266 

48 

54 

47 

45 

55 

39 

46 

44 

1 136 

1203 

3992 

3992 

ET2 

ET3 

1 6.2% 

15.6% 

22.2 

23.2 
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The  weight  of  the  A  rail  of  ingot  ETi  was  found  to  be  998  lbs. 
and  the  four  rails  of  the  ingots  are  shown  above  as  3992  lbs.  The 
nominal  weight  would  be  3960  lbs.  The  discards  from  the  top  of  the 
ingot  and  the  total  discards  are  shown  below,  expressed  in  per  cent. : 

ETi 

Discard  from  top  of  ingot 17-4% 

Total   discard    23.1 

The  rails  were  sawed  two  at  a  time,  the  A  and  C  rails  with  the 
front  and  middle  saws  and  the  B  and  D  rails  with  the  middle  and 
back  saws.  The  saw  setting  was  33  ft.  7  in.  both  front  and  back. 
The  length  of  the  rails  and  their  camber  when  cold  and  before  straight- 
ening are  shown  in  the  following  table.  The  rails  all  had  "base  sweep," 
that  is,  they  were  concave  on  •  the  head  side.  These  rails  also  had  a 
little  side  camber,  being  concave  on  the  bottom  side,  that  is,  the  side 
which  was  down  in  the  rolling.     The  shrinkage  averaged  7   in. 

Rail.                   Length.  Camber.  Rail.                 Length.            Camber. 

ETiA ..33  ft.    o  in.  2^2  in.      ET2C 33  ft.        -fa  in.        2*4  in. 

B ...33  ft.    o  in.  2^  in.  D. 

C 33  ft.    o  in.  2z/2  in.  ET3A. 

D 33  ft.  ys  in.  2V2  in.  B. 

ET2A 33  ft.    o  in.  2^  in.  C. 

B 33  ft.    o  in.  2^  in.  D. 


33  ft- 

0  in. 

2lA  in. 

33  ft- 

^5  in. 

\V%  in. 

32  ft 

11^5  in. 

2J4  m' 

•  33  ft- 

0  in. 

1      in. 

*2  ft. 

nVs  in. 

2j£  in. 

ET2 

ET3 

995°  C. 

9900  C. 

995°  C. 

995°  C. 

Temperature  measurements  were  made  with  a  Thwing  radiation 
pyrometer,  of  the  head  of  the  rail  after  leaving  the  finishing  rolls,  and 
I  give  below  the  readings  obtained : 

ETi 

1st  bloom    9900  C. 

2d   bloom    9950  C. 

The  rails  from  ingots  ET2  and  ET3  were  straightened  and  di- 
rected to  be  shipped  to  "A.  W.  Thompson— B.  &  O.  R.  R—  Cumberland, 
Md.,"  intended  for  test  in  track,  the  rails  from  one  ingot  to  be  used 
on  the  high  rail  of  a  curve  and  those  from  the  other  ingot  on  the  low 
side.  The  rails  from  ingot  ETi  were  not  straightened,  but  were  cut 
up  for  tests  as  follows : 

No.  1.  18  in. — Tensile   tests,   etching  and   analysis. 

2.  4^  ft. — Drop  test — head  in  tension. 

3.  4J/2  ft. — Drop  test — base  in   tension. 

4.  A,y2  ft. — Bending  test — head  in  tension. 

5.  4^  ft. — Bending  test— base  in  tension. 

6.  10      ft. — For  test  on   revolving  machine   at   Steelton,   Pa. 

7.  3Y2  ft. — For    test    on    reciprocating    machine    at     Sparrows 

Point,   Md. 
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CHEMICAL  ANALYSES. 

Analyses  were  made  of  two  samples  from  near  the  top  end  of 
each  rail,  as  shown  in  Fig.  i,  one  sample  from  near  the  upper  corner 
of   the   head    and    the    other    from    the    web.    These    analyses,    as    fur- 


Fig.  I. 


nished  by  the  Steel  Company,  are  shown  in  the  following  table.  The 
average  of  the  samples  from  the  corner  of  the  head  should  be  about 
the  average  metal  of  the  heat,  and  I  show  this  average  as  well  as 
the   ladle  test. 

Rail.  Carb.        Phos. 

A— Head  .52  .094 

Web  .62  .168 


Sulph. 

Mang. 

Sil. 

•037 

1.16 

.081 

.074 

1.23 

.084 
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Rail. 
B— Head 
Web 

Carb. 

•55 
■57 

Phos. 

.106 

.116 

Sulph. 
.046 
.048 

Mang. 
1.14 
1. 14 

Sil. 
.084 
.089 

C— Head 
Web 

•49 
•49 

.104 
.098 

.047 
.042 

LIS 

I. II 

.084 
•093 

D— Head 
Web 

•54 
•45 

.103 
.092 

•045 
.038 

1. 14 
1. 14 

.084 
.096 

Av.   hd.   samples 

•52 

i  -47 

.102 
.100 

.044 
•045 

LIS 
1.08 

•083 
.088 

In  the  above  table  the  web  sample  of  the  A  rail,  representing  the 
interior  of  the  ingot,  shows  a  marked  increase  of  carbon,  phosphorus 
and  sulphur  over  the  average  of  the  head  samples,  which  may  be 
taken  as  representing  about  the  average  metal  in  the  ingot,  and  it 
also  shows  a  little  increase  of  manganese.  The  B  rail  shows  a  small 
similar  tendency  as  regards  carbon  and  phosphorus.  The  C  rail  shows 
about  the  same  chemistry  in  the  outer  and  interior  parts  of  the  sec- 
tion. The  interior  of  the  D  rail  shows  a  little  decrease  in  carbon 
and  phosphorus  and  seems  to  show  a  similar  tendency  as  regards 
sulphur.  The  silicon  is  fairly  uniform  throughout  the  ingot.  The 
carbon,  phosphorus  and  sulphur  are  retabulated  below  for  more  con- 
venient comparison. 


Carbon. 

Phosph 

orus. 

Sulphur. 

Rail. 

Head. 

Web. 

Head. 

Web. 

Head.     Web 

A 

•52 

.62 

.094 

.168 

.037        .074 

B 

•55 

•57 

.106 

.116 

.046        .048 

C 

•49 

•49 

.104 

.098 

.047        .042 

D 

•54 

•45 

.103 

.092 

•045        .038 

Av.   head  samples    .52  .102  .044 

In  the  interior  of  the  rail,  as  shown  by  the  web  samples,  the  car- 
bon, phosphorus  and  sulphur  are  seen  to  decrease  as  we  go  down 
the  ingot,  the  top  showing  positive  segregation  and  the  bottom 
showing  a  little  negative  segregation.  It  is  also  interesting 
to  note  that  the  top  end  of  the  A  rail  shows  a  little  negative  segrega- 
tion of  phosphorus  and  sulphur  in  the  outer  part  of  the  section  to 
about  the  same  extent  as  the  interior  of  the  D  rail,  but  the  same 
result  is  not   shown   as   regards   the   carbon. 

The  percentages  of  increase  of  the  carbon,  phosphorus,  sulphur 
and  manganese  in  the  web  of  the  A  rail  over  the  average  of  the 
ingot   is   shown    in   the    following   table: 


Carb. 
Average  of  head  samples...     .52 

Web    of    A    rail 62 

Increase   19% 


Phos.    Sulph.  Mang. 

.102        .044  1. 15 

.168        .074  1.23 

65%      68%  7% 
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Sections  were  cut  from  near  the  top  ends  of  each  rail,  polished 
and  etched  with  a  solution  of  copper-ammonium  chloride.  The  A  rail 
shows  some  spots  and  streaks  distributed  throughout  the  section.  The 
B  rail  gave  an  even  etching  except  for  a  few  streaks  in  the  web. 
The  C  and  D  rails  gave  even  etchings  over  the  whole  section.  The 
etchings  of  the  A  and  B   rails  are  reproduced  as  Figs.  2  and  3. 


ET  1 A1     Etched  with  copper-ammonium  chloride 

Fig.  2. 


454 


TESTS    AND    CONCLUSIONS. 
TENSILE  TESTS. 


Tensile  tests  were  made  of  pieces  cut  from  near  the  top  end 
of  each  rail,  as  shown  in  Figs.  4  and  5.  Seven  locations  in  the  section 
were  selected  for  longitudinal  tests,  the  pieces  being  j4-in.  diameter 
by  2   in.   gauge   length,   and   one    location    was    selected    for    transverse 


ET  1  B1    Etched  with  copper-ammonium  chloride 

Fig.  3. 

test,  namely,  across  the  center  of  the  head,  this  piece  being  }4-in. 
diameter  by  1  in.  gauge  length.  All  pieces  were  tested  in  duplicate. 
The  yield  point  was  determined  by  means  of  a  Capp's  multiplying 
dividers,  except  with  the  I -in.  gauge  length,  where  ordinary  dividers 
and  the  drop  of  the  beam  were  used. 
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WIDTH  OF  ftHIL    HERO 

Fig.  5- 
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As  will  be  noticed  from  the  diagram,  tensile  specimens  were  pre- 
pared from  both  upper  corners  of  the  head  and  from  both  flanges. 
In  rolling,  the  side  that  receives  the  brand  is  down  and  the  heat  num- 
ber is  stamped  on  the  side  that  is  up,  and  this  side  gets  the  water 
that  is  used  for  cooling  the  rolls  and  falls  on  the  rail.  Samples  a 
and  f  are  from  the  bottom  side  of  the  rail,  from  the  head  and  flange, 
respectively,  and  samples  b  and  g  are  similar  samples  from  the  top 
side.  The  results  of  the  longitudinal  tensile  tests  are  shown  in  the 
following  table : 

Yield  Point    Tensile  Str.  Elong.  Reduction 


lbs.  per 

lbs.  per 

per  cent. 

of  area 

Rail.         Location. 

sq.  in. 

sq.in. 

Ratio. 

in  2  in. 

per  cent. 

A    a — head,    cor. 

111,000 

5 

6 

62,460 

100,600 

62 

3-5 

3 

b — head,    cor. 

72,600 

111,500 

65 

6 

6 

64,500 

9S,7/0 

67 

3 

2 

c — head,    int. 

2.5 

1 

74,530 

94,500 

79 

1-5 

2 

d — web 

76,820 

113,000 

68 

2 

2 

73,310 

116,300 

63 

3 

3 

e — base 

81,670 

85,080 

96 

2 

1 

65,820 

98,270 

67 

2-5 

2 

f — flange 

66,330 

111,900 

59 

5-5 

5 

65,720 

117,600 

56 

16 

24 

g— flange 

65,060 

1 13400 

57 

16 

28 

65,520 

115,800 

57 

13 

15 

B     a — head,    cor. 

66,940 

122,900 

54 

15 

27 

67,250 

123,300 

54 

16 

28 

b — head,    cor. 

68,400 

123,200 

55 

13 

21 

67,500 

110,500 

61 

4 

4 

c — head,    int. 

68,370 

128,300 

53 

12.5 

20 

6"3,430 

126,700 

50 

14-5 

22 

d — web 

72,240 

127,400 

57 

5 

6 

71,020 

128,400 

55 

10 

10 

e — base 

66,740 

107,320 

62 

2.5 

3 

65,310 

125,300 

52 

6 

6 

45S 
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Yield  Point 

Tensile  Str. 

Elong. 

Reduction 

lbs.  per 

lbs.  per 

per  cent. 

of  area 

Rail.         Location. 

sq.  in. 

sq.in. 

Ratio. 

in  2  in. 

per  cent. 

f — flange 

7L430 

122,780 

58 

5-5 

5 

72,350 

125,170 

58 

15-5 

27 

g— flange 

73.2IO 

124,800 

59 

6.5 

6 

72,310 

124,300 

58 

9-5 

9 

C    a — head, 

cor. 

67,900 

122,700 

56 

14 

26 

67,760 

122,100 

55 

15-5 

27 

b — head, 

cor. 

66,740 

122,400 

55 

14-5 

26 

66,540  • 

122,400 

54 

16 

27 

c — head, 

int. 

63,180 

122,620 

52 

12.5 

19 

61,340 

119,980 

5i 

15 

23 

d — web 

66,740 

123,290 

54 

15-5 

27 

66,640 

121,240 

55 

16 

28 

e — base 

64,910 

122,880 

53 

12 

18 

63,500 

122,280 

52 

15 

25 

f — flange 

69,800 

123,490 

57 

15 

28 

68,980 

123,540 

56 

15-5 

26 

g— flange 

72,040 

124,300 

58 

IS-5  . 

28 

70,110 

124,600 

56 

16 

28 

D     a — head, 

cor. 

66,380 

123,280 

54 

15 

28 

65,970 

121,900 

54 

16 

28 

b — head, 

cor. 

68,110 

123,440 

55 

15 

29 

67,860 

122,260 

56 

16 

27 

c — head, 

int. 

61,540 

117,010 

53 

15-5 

28 

59,9io 

114,720 

52 

16.5 

30 

d — web 

67,760 

118,290 

57 

16 

3i 

67,040 

115,790 

58 

18 

34 

e — base 

64,190 

122,000 

53 

ii-5 

15 

63,580 

120,010 

53 

16 

26 

f — flange 

70,810 

124,330 

57 

14 

27 

69,180 

124,500 

55 

15-5 

26 

g— flange 

69,690 

125,100 

56 

15 

26 

70,450 

124.300 

57 

15 

26 
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In  the  above  results  it  will  be  noted  that  the  specimens  from  the 
A  rail  shows  very  low  ductility  except  three  of  the  four  specimens 
from  the  flange,  which  showed  about  normal  ductility.  The  B  rail 
shows  very  much  more  ductility,  but  even  here  five  or  six  of  the 
fourteen  samples  showed  considerably  less  stretch  than  normal  for 
their  tensile  strength,  the  normal  stretch  being  about  13  or  14  per  cent, 
for  a  tensile  strength  of  125,000  lbs.  All  the  samples  from  the  C  and 
D  rails  showed  fair  ductility. 

The  ratio  of  the  yield  point  to  the  tensile  strength  is  shown  in 
the  following  tabulation,  in  which  I  have  neglected  all  cases  where  the 
stretch  was  low  and  the  rail  broke  short. 

Location.               A  rail.  B  rail.  C  rail.  D  rail.  Av. 

a— head,  cor 54    %  55-5%  54    %  54-5% 

b— head,  cor 55  54-5  55-5  55-0 

c— head,   int 51.5  51.5  52.5  51.8 

d— web      55  54-5  57-5  55-8 

e— base 52.5  53  52.8 

f— flange     56        58  56.5  56  56.8 

g— flange     57        58  57  57-5  57-5 

It  is  interesting  to  note  that  the  lowest  ratio  occurs  in  the  sam- 
ples from  the  interior  of  the  head  with  an  average  of  51.8  per  cent., 
next  in  the  samples  from  the  base  with  52.8  per  cent.,  then  from  the 
corner  of  the  head,  then  the  web,  and  the  highest  ratio  from  the 
flanges,  averaging  57.2  per  cent.  This  seems  to  run  along  with  the 
difference  in  finishing  temperature,  the  lowest  ratio  being  from  the 
part  with  the  highest  finishing  temperature.  The  flange  of  the  side 
on  top  in  rolling,  i.  e.,  the  g  location,  seems  also  to  have  a  little 
higher    ratio   than    the    bottom    flange. 

A  comparison  of  the  tensile  strengths  is  interesting,  and  I  give 
below  a  table  showing  the  tensile  results,  showing  the  tensile  strength 
of  the   sample   in   each    pair   that   gave   the   greatest   ductility. 

Average 

Location.      A  Rail.  B  Rail.  C  Rail.  D  Rail.  B,  C&D. 

a — head,    cor 123,300  122,100  121,900  122,430 

b — head,    cor 123,200  122,400  122,260  122,620 

c— head,    int 126,700  119,980  114,720  120,470 

d — web                 128,400  121,240  115,700  121,800 

e — base                 125,300  122,280  120,010  122,530 

f — flange             117,600  125,170  123,540  124,500  124,400 

g — flange            113,400  124,300  124,600  125,100  124,670 

Most  of  the  samples  from  the  A  rail  broke  "short"  before  their 
normal  tensile  strength  was  developed,  and  I  have  omitted  these  from 
the  above  table,  showing  only  results  from  the  two  flanges.  The 
c  sample  from  the  interior  of  the  head  and  the  d  sample  from  the 
web  represent  what  was  the  interior  of  the  ingot,  and  it  will  be  noted 
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that  their  strength  decreases  as  we  go  down  the  ingot.  Unfortunately 
a  comparison  cannot  be  made  in  the  A  rail,  but  in  the  B  rail  their 
strength  shows  a  little  above  the  samples  representing  the  outer  part 
of  the  ingot.  In  the  C  rail  their  strength  is  a  little  below  the  other 
samples,  and  in  the  D  rail,  considerably  so.  In  other  words,  the  upper 
part  of  the  ingot  has  a  hard  center  and  the  lower  part  of  the  ingot 
a  soft  center  by  comparison   with  the  outer  part  of  the   section. 

Another  interesting  feature  is  shown  by  the  flanges  of  the  A  rail. 
The  flange  samples  in  the  other  rails  show  a  fairly  uniform  strength, 
averaging  124,500  lbs.  per  sq.  in.,  while  in  the  A  rail  the  f  sample 
gave  117,600  lbs.  and  the  g  sample  113,400  lbs.  We  have  already  seen 
that  the  chemical  analyses  show  a  little  negative  segregation  of  phos- 
phorus and  sulphur,  and  although  the  analysis  did  not  show  a  similar 
result  as  regards  carbon,  the  tensile  results  indicate  strongly  that 
there  probably  was  also  some  reduction  of  carbon  in  the  outer  part 
of  the  section   at  the  top   end   of   the   A   rail. 

The  a  and  b  samples  from  the  head  and  the  f  and  g  samples  from 
the  flange  would  all  be  of  similar  chemistry,  as  representing  the  outer 
part  of  the  ingot,  but  the  flange  has  a  lower  finishing  temperature 
and  is  also  reduced  differently,  and  I  give  below  tables  comparing 
the   results   from  these  places. 

TENSILE    STRENGTH. 


Rail.       a 

b 

f 

g 

A— 

117,600 

113,400 

B— 123,300 

123,200 

125,170 

124,300 

C — 122,100 

122,400 

123,540 

124,600 

D — 121,900 

122,260 

124,500 

125,100 

B,  C&D    122,430 

122,620 

Yield   Point. 

124400 

124,670 

Rail.        a 

b 

f 

g 

A— 

65,720 

65,060 

B — 67,250 

68,400 

72,350 

72,310 

C — 67,760 

66,540 

68,980 

70,1 10 

D— 65,970 

67,860 

69,180 

69,690 

Av.  B,  C  &  D    66,900  67,600  70,170  70,700 

Per  Cent.  Elongation.  Per  Cent.  Reduction. 


Rail,     a 

b 

f 

g 

a 

b 

f 

g 

A—.. 

16 

16 

24 

28 

B— 16 

13 

15-5 

9-5 

28 

21 

27 

9 

c— 15.5 

16 

15-5 

16 

27 

27 

26 

28 

B—16 

16 

15-5 

IS 

28 

27 

26 

26 

Av.  B,  C&D    15.8        15.0        15.5        13.5  27.7       2q        26.3 
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Comparing  the  a  sample  from  the  side  of  the  head  which  was 
underneath  in  rolling  with  the  b  sample  from  the  top  side,  the  two 
locations  give  results  very  much  alike.  Sample  f  from  the  bottom 
flange  and  sample  g  from  the  top  flange  also  give  results  very  much 
like  each  other.  It  would  seem,  therefore,  that  the  water  that  gets 
on  the  side  of  the  rail  on  top  in  rolling  produces  no  important  dif- 
ference between  the  two   sides  in   the  tensile  properties. 

Comparing  the  upper  corner  of  the  head  with  the  flange,  it  will 
be  noted  that  the  flange  gave  an  average  of  almost  3,000  lbs.  higher 
yield  point  and  about  2,000  lbs.  higher  tensile  strength.  The  ductility 
was  about  the  same,  if  we  omit  from  this  comparison  the  g  sample 
from  the  B  rail,  which  seems  to  have  given  abnormally  low  stretch 
and  reduction.  There  is  a  suggestion  here  that  the  lower  finishing 
temperature  of  the  flange  and  quicker  cooling  after  finishing,  as  well 
as  difference  in  reduction,  may  have  had  the  effect  of  raising  the 
yield  point  and  tensile  strength  a  little,  but  the  difference  is  not  de- 
cisive, and  it  may  even  be  due  to  a  slight  difference  in  the  chemistry 
of  the  two  locations. 

The  c  sample  from  the  interior  of  the  head  and  the  d  sample 
from  the  web  would  be  of  similar  chemistry  as  representing  the 
interior  of  the  ingot,  but  the  web  is  thinner  and  gets  more  work  in 
rolling,  and  probably  is  finished  at  a  lower  temperature.  A  compari- 
son of  these  two   locations   is  shown   in   the   following  table : 

Tensile  Strength,  Elongation,  Reduction  of 

lbs.  per  sq.  in.  per  cent,  in  2  in.  area — per  cent. 

Rail.        c                   d  c            d                    c          d 

A— 1. 5          3                    2          3 

B — 126,700        128,400  14.5        10                  22        10 

C — 119,980        121,240  15           16                  23        28 

D— 114,720        115,790  16.5         18                    30        34 


Av.  B,  C  &  D        120,470        121,810  15.3         14.7  25        24 

The  samples  from  the  interior  of  the  head  and  from  the  web  of 
the  A  rail  had  low  ductility,  as  shown  by  the  small  stretch  and  re- 
duction, and  they  broke  "short."  Considering  the  other  rails,  the 
tensile  strength  decreases  as  we  go  down  the  ingot  and  the  ductility 
increases.  Allowing  for  the  difference  in  tensile  strength,  the  samples 
from  the  head  show  about  the  same  ductility  in  the  B,  C  and  D  rails, 
but  of  the  web  samples  the  one  from  the  B  rail  shows  less  ductility 
than  those  from  the  C  and  D  rails.  Comparing  the  two  locations, 
there  is  but  little  difference  in  their  tensile  properties,  although  the 
web  seems  to  show  a  slight  tendency  toward  a  higher  strength  and 
a  slightly  greater  ductility,  if  we  neglect  the  web  sample  from  the 
B  rail. 


462  TESTS    AND    CONCLUSIONS. 

Tests  were  made  of  samples  taken  transversely  through  the  middle 
of  the  head,  as  shown  on  the  diagram,  with  results  as  shown  in  the 
following  table : 


Yield  Point, 

Tensile  Str. 

Elongation. 

Reduction 

lbs.  per 

lbs.  per 

per  cent. 

area — 

Rail.     sq.  in. 

sq.  in. 

in  1  in._ 

per  cent. 

A— 

79,760 

1 

.6 

81,000 

1 

.8 

B — 72,040 

99,340 

3 

2.0 

72,100 

97,040 

2 

2.0 

C— 71,480 

3 

3-6 

75,880 



5 

40 

D— 70,080 

3 

2.4 

71,070 

95,350 

3 

2.0 

These  samples  all  showed  low  ductility  and  all  broke  "short,"  giv- 
ing a  low  tensile  strength.  The  most  stretch  and  reduction  were 
given  by  the  samples  from  the  C  rail.  All  the  samples  showed  a 
small  seam  across  the  fracture  and  running  lengthwise  of  the  rail. 
The  yield  point,  however,  shows  up  just  as  high  transversely  as 
longitudinally,  as  shown  in  the  following  table,  comparing  the  trans- 
verse results  with  the  longitudinal  results  from  the  interior  of  the 
head. 

Transverse.  Longitudinal. 

Rail  A— 

74,530 


B— 72,040  68,370 

72,100  63,430 

C— 71,480  63,180 

75,88o  61,340 

D — 70,080  61,540 

71,070  59,910 

The  yield  point  runs  higher  in  the  transverse  specimens,  but  this  is 

undoubtedly  due  largely  to  the  difference  in  the  method  of  determining 
the  yield  point  in  the  two  classes  of  specimens, 
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Two  drop  tests  were  made  of  each  rail,  one  with  the  head  in 
tension  and  the  other  with  the  base  in  tension,  with  results  as  shown 
in    the    table,    Fig.    6,    which    shows    the    deflections    of    the    rails,    the 


$  5 

4 

*    * 

J     ft 

5  i 
1  ' 

t  MARKS  AFTER  BLOW  ±THi 

REMARKS 

1 

2 

3 

<? 

S 

6 

er  laz 

H 

18 

X 

a*t*£ 

/jOO 

/.O/ 

— 

/.o/ 

/O/ 

100 

**£R)  (£p 

ET 1  A3 

B 

13 

i 

BHOKI 

/.OZ 

/DZ 

— 

/OZ 

10/ 

101 

rg^    r3?> 

J^ 

£T  1BZ 

« 

18 

i 

tttOKt 

104 

/D6 

106 

106 

— 

104 

ET1B3 

B 

18 

i 

/S4 

/.Off 

/.OS 

/OS 

/06 

/OS 

104 

C7O  ^ 

2 

Z85 

1.07 

110 

1.1 1 

III 

1.09 

107 

3 

&ROI<£ 

1.06 

I/O 

— 

IIZ 

109 

/■07 

ericz 

H 

18 

1 

163 

/OS 

/07 

1.0  9 

109 

/.  0  7 

/OS 
/.06 

2 

3.03 

I/O 

1.14 

1/6 

/IS 

/  12 

3 

W-.l 

1.10 

1/4 

— 

— 

l/Z 

108 

ET1C3 

3 

18 

1 

HI 

/.OS 

1.06 

/.06 

106 

105 

104 

BucHLtO  J/OFn-je     /n1 
-    t.TTLB.             rf($-) 

Z 

Z.98 

108 

I/O 

/.// 

/./Z 

1.10 

108 

3 

4.30 

1.09 

1.10 

/./t 

1/6 

1.10 

III 

■? 

BnOKC 

/./S 

1/7 

//7 

US 

— 

ETIOZ 

H. 

16 

1 

1.69 

/.OS 

107 

/.09 

1.09 

107 

/OS 

BASE    C &ACKE O     *<?#    #30U7~  6"  ON  2*0 
&LQ\N   £XTEWO/NG    FROM    ONE    StOE 

Z 

3  10 

U4 

//7 

I./6 

I.IZ 

1.08 

1.06 

3 

bBOKC 

1.14 

1.18 

U8 

1.13 

IDS 

1.06 

CAUSED     BHEAr  ON 

ET103 

B. 

18 

1 

I6S 

— 

/.OS 

1.06 

/.06 

1.06 

104 

\Nfff      3+fOWS      **    *■£*/ 
3*7 AH     I  j#/+Tf/VA  T/OSVS 

Z 

2.99 

— 

uo 

HZ 

III 

I/O 

1.07 

3 

MOKt 

1.13 

III 

ioe 

— 

Fig.  6. 


elongations  of  the  metal  on  the  side  in  tension  and  diagrams  of  the 
fractures.  The  tup  was  2,000  lbs.,  height  of  drop  18  ft.,  supports  3 
ft.  apart,  and  the  anvil  was  the  standard  spring-supported  anvil  of 
10  tons.  The  deflection  as  measured  includes  the  depression  caused 
by  the  die  of  the  tup.  The  temperature  of  the  air  and  rail  was  about 
8o°, 
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The  deflection  after  the  first  blow  and  the  maximum  elongation 
after  the  first  blow,  of  the  metal  in  tension,  are  compared  in  the 
following  table : 


Elongation — ist  blow. 


Deflection — ist  blow. 


Head 

Base 

Head 

Base. 

Rail. 

Tension. 

Tension. 

Tension. 

Tension. 

A 

i%  broke 

2%  broke 

broke 

broke 

B 

6%  broke 

6% 

broke 

1.54  in. 

C 

9% 

6% 

1.63  in. 

1.64  in 

D 

9% 

6% 

1.69  in. 

1.65 

It  will  be  noted  that  the  deflection  was  approximately  the  same 
with  either  the  head  or  base  in  tension,  but  the  maximum  stretch  of 
the  metal  was  50  per  cent,  greater  with  the  head  in  tension.  The 
A  rail  broke  on  the  first  blow,  both  with  the  head  in  tension  and  with 
the  base  in  tension,  and  the  B  rail  also  broke  on  the  first  blow  with 
the  head  in  tension,  so  the  deflection  could  not  be  determined,  but 
the    deflection   seems    to    increase    as   we   go    down   the   ingot. 

I  give  below  a  table  showing  the  elongations  obtained  under  suc- 
cessive blows  when  the  rail  did  not  break  as  a  result  of  the  blow : 

Elongation — Head  Tension.        Elongation— Base  Tension. 


ist 

2d 

ist 

2d 

3d 

Rail. 

blow. 

blow. 

blow. 

blow. 

blow, 

A 

. . 

. . 

B 

6% 

11% 

C 

9% 

16% 

6 

12 

16 

D 

9 

17 

6 

12 

This  table  is  useful  in  calculating  from  the  elongation  which  the 
metal  gave  at  fracture,  the  approximate  height  of  blow  which  would 
be  just  sufficient  to  cause  fracture,  and  will  be  so  used  below. 

The  number  of  blows  which  broke  the  rails  and  the  maximum 
elongations  obtained  when  broken  are   shown   in   the  following  table : 


Maximum  Elongation. 

No. 

of  blows. 

Head 

Base 

Head 

Base 

Rail. 

Tension.  - 

Tension. 

Tension. 

Tension. 

A 

1% 

2% 

1 

1 

B 

6 

12 

1 

3 

C 

14 

17 

3 

4 

D 

18 

13 

3 

3 

With    head    tension    the    stretch    of   the    metal    increases    as    we    go 
down  the  ingot,  the  variation   being   from   1   per  cent,   stretch   in   the 
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A  rail  to  18  per  cent,  stretch  in  the  D  rail.  With  base  tension  the 
result  is  somewhat  similar,  but  the  difference  is  not  so  great  and  the 
maximum  stretch  was  obtained  in  the  C  rail.  The  variation  was  from 
2  per  cent,  stretch  in  the  A  rail  to   17  per  cent,   in  the   C   rail. 

I  give  below  a  table  showing  the  approximate  height  which  would 
be  just  sufficient  to  cause  fracture.  This  is  determined  by  taking  the 
elongation  at  the  last  blow  which  did  not  cause  fracture  and  figuring 
that  each  per  cent,  elongation  beyond  this  with  head  in  tension  was 
due  to  2.0  ft.  drop  and  each  per  cent,  increase  with  base  in  tension 
was  due  to  3.0  ft.   drop. 


Rail. 

Head  Tension. 

Base 

Tension. 

A 

2  ft. 

6  ft. 

B 

12 

43 

C 

40 

63 

D 

44 

46 

A  study  of  the  fracture  diagrams  shows  that  with  the  head  in 
tension,  the  fracture  started  from  a  point  near  the  middle  of  the  head. 
With  the  base  in  tension,  in  the  C  rail,  the  fracture  started  in  the 
web,  due  evidently  to  some  sidewise  buckling.  In  the  A  and  B  rails 
the  break  started  near  the  middle  of  the  base,  while  in  the  D  rail 
it  seems  to  have  started  near  the  bottom  of  the  base. 


BENDING  TESTS. 

Two  pieces,  each  4^  ft.  long,  were  cut  from  each  rail  for  bending 
in  the  test  machine,  one  with  the  head  in  tension  and  the  other  with 
the  base  in  tension,  using  a  span  of  3  ft.  The  supports  were  flat 
surfaces  1  in.  wide,  whose  edges  were  3  ft.  apart.  To  get  the  deflec- 
tions, a. beam  was  made  of  ^  by  3  in.  flat  iron,  bent  so  as  to  rest  on 
the  top  of  the  rail  at  places  3  ft.  apart  and  to  suspend  about  3  in. 
below  the  middle  of  rail.  The  distance  between  the  bottom  of  the 
rail  and  the  beam  was  measured  at  each  increment  of  load  by  means 
of  calipers  and  a  scale  reading  to  hundredths  of  an  inch.  This  method 
was  an  effort  to  include  in  the  reading  of  the  deflection  only  the 
actual  bending  of  the  rail,  although  I  did  not  accomplish  this  in  an 
entirely  satisfactory  manner.  The  rails  were  bent  to  destruction  and 
the  breaking  load  determined.  They  had  previously  been  stamped  with 
gauge  marks  1  in.  apart  for  a  space  of  6  in.  on  the  side  in  tension,  and 
the   stretch    determined    after    breaking. 

The  deflections  obtained  are  shown  in  the  following  table,  the 
heading,  "Hd."  or  "B,"  designating  the  part  in  tension,  head  or  base, 
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ETi 

A 

ETiB 

ETiC 

ETiD 

Load. 

Hd. 

B. 

Hd. 

B. 

Hd. 

B. 

Hd. 

B. 

40,000 

.04 

•03 

•05 

•03 

.04 

.02 

•03 

•03 

80,000 

.09 

.10 

.08 

.09 

.07 

.08 

.08 

90,000 

.11 

.10 

.11 

.09 

.11 

.08 

.09 

.10 

100,000 

•13 

.10 

.12 

.11 

.12 

.11 

.11 

.11 

110,000 

•  15 

.12 

•  14 

•13 

.16 

.12 

•13 

•13 

120,000 

.19 

.14 

.18 

•IS 

.20 

•15 

.18 

•17 

130,000 

.26 

.19 

.24 

.18 

.27 

.19 

.26 

•23 

140,000 

.36 

•30 

•34 

.28 

.36 

•29 

•37 

.36 

150,000 

•39 

.40 

•38 

•49 

.41 

•52 

•So 

160,000 

•52 

•52 

•SO 

.63 

•55 

.68 

.65 

170,000 

.65 

.64 

■77 

•7i 

.89 

.84 

180,000 

.84 

•70 

1.04 

•93 

I-I3 

1.05 

190,000 

.  . . 

1.08 

1.02 

1-34 

1.16 

1.36 

1.26 

200,000 

1.29 

1.79 

1.44 

1.80 

1-57 

210,000 

1-59 

1.83 

2.00 

220,000 

2-43 

2-59 

The  load-deflection  curves  plotted  from  these  tables  are  shown  as 
Fig.  7,  and  it  will  be  noted  that  the  rails  are  a  little  stiffer  with  the 
base  in  tension  than  with  the  head  in  tension,  although  the  difference 
is  not  great.  The  elastic  limit  with  the  head  in  tension  seems  to  be 
about  120,000  lbs.  for  the  A  and  B  rails  and  about  5,000  lbs.  less  for 
the  C  and  D  rails.  With  the  base  in  tension  it  seems  to  be  about 
130,000  lbs.  for  the  A,  B  and  C  rails  and  120,000  lbs.  for  the  D  rail,  as 
shown  on  the  diagram.  These  figures,  however,  can  be  taken  only  as 
rough    approximations. 

The  loads  which  the  rails  broke  at  and  the  maximum  elongations 
of  the.  metal  in  tension  are  shown  in   the  following  table: 


Breaking  Load. 

Elongation. 

Head 

Base 

Head 

Base 

ail. 

Tension. 

Tension. 

Tension. 

Tension 

A 

150,000 

169,200 

2% 

2% 

B 

198,800 

218,400 

5 

10 

C 

203,500 

221,800 

II 

11 

D 

202,600 

221,000 

11 

11 

It  will  be  noted  that  the  A  rail  broke  at  a  considerably  less  load 
than  the  other  rails,  and  also  the  metal  in  this  rail  gave  very  little 
stretch,  both  with  head  tension  and  with  base  tension. 

A  comparison  of  the  elongations  in  slow  bending  and  in  the 
drop  test  is  shown  in  the  following  taWe; 
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Head  Tension 

Base  Tension 

Slow 

Slow 

Rail. 

Drop. 

Bending. 

Drop. 

Bending 

A 

i% 

2% 

2% 

2% 

B 

6 

S 

12 

10 

C 

14 

ii 

17 

II 

D 

18 

ii 

U 

II 

Average       13 


147 


n-3 


Fig.  7. 
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It  appears  from  this  that  the  metal  stretched  more  in  the  drop 
test  than  in  the  slow  bending  tests. 

Diagrams  of  the  fractures  are  shown  in  Fig.  8.  It  will  be  noted 
from  these,  that,  with  the  head  in  tension,  the  break  started  near  the 


ETI  AA 
HD 


ETI  A5 
BASE 


H  D 


g^ 


ETI  B5 
BASE 


ETID5 
BASE 


Fig.  8. 


middle    of    the    head.    With    the    base    in    tension,    the    break    started 
within  the  base. 

Finally,  I  wish  to  acknowledge  the  very  courteous  treatment  and 
considerable  help  I  received  from  the  officers  of  the  Steel  Company, 
who  furnished  all  the  facilities  for  these  tests. 


INVESTIGATION  OF  A  SPLIT  HEAD  RAIL 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 


This  report  covers  a  study  and  tests  of  a  very  interesting  and 
instructive  rail  that  failed  due  to  a  split  head,  and  is  intended  to  throw 
some  light  on  the  cause  of  failure.  This  rail  was  one  of  a  number 
that  failed  in  a  somewhat  similar  manner  in  a  lot  of  8o-lb.  A.  S.  C.  E. 
rails  laid  in  about  October,  1909,  by  the  Wabash  R.  R.  on  straight  track 
in  its  main  line  near  Adrian,  Mich.  It  was  a  33-ft.  Bessemer  rail,  made 
at  the  Edgar  Thomson  Works  at  Braddock,  Pa.,  of  the  Carnegie  Steel 
Company,  in  September,  1909,  heat  number  11508.  It  was  removed 
from  service  in  May,  1910.  The  rail  had  no  letter  showing  its  position 
in  the  ingot.  The  total  tonnage  over  this  rail  was  about  4.3  million 
freight  tons  and  the  passenger  trains  additional.  The  heaviest  engines 
that  ran  on  this  rail  weighed  103  tons,  with  a  maximum  weight  of 
14  tons  per  driving  wheel.  The  bearing  on  the  ties  as  shown  by  the 
rust  marks  on  the  bottom  of  the  rail  averaged  7J/2  inches  and  the  tie 
spacing  as  determined  by  measuring  from  center  to  center  of  the  rust 
marks  was  as  follows: 

1  ft.    5  in.  12  ft.  11  in.  25  ft.  4  in. 

3  ft.    oin.  14  ft.   9  in.  27  ft.  3  in. 

4  ft.  10  in.  16  ft.    4  in.  29  ft.  3  in. 
6  ft.   6  in.  17  ft.  10  in.  30  ft.  4  in. 

8  ft.    2  in.  19  ft.  10  in.  32  ft.  6  in. 

9  ft.    8  in.  21  ft.    9  in. 
10  ft.  11  in.                        23  ft.   8  in. 

>, 
A   diagram   of  the    section   at    its   good    end   showing   the    measure- 
ments of  the  various  dimensions   is   given  as   Fig.   I. 

The  examination  consisted  of  etchings  with  copper  potassium  chloride 
of  a  large  number  of  transverse  and  horizontal  longitudinal  sections 
cut  from  the  rail,  chemical  analyses,  tensile  tests  of  specimens  cut 
from  the   rail   and  microscopic  examination. 
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ETCHINGS. 

As  stated,  sections  were  cut  from  the  rail  at  a  number  of  places 
and  etched  with  copper  potassium  chloride.  These  are  shown  as  Figs. 
2  to  21,  inclusive,  and  represent  distances  from  one  end  of  the  rail  as 
follows : 

26  ft. 

27 

28 

30 

3i 

32 


The  left  side  of  the  pictures  represents  the  gage  side  of  the  rail 
and   was   the   side  on  top   in  rolling. 

It  will  be  noted  that  for  a  distance  of  17  ft.  from  the  end,  the 
rail  shows  no  crack  in  the  interior  of  the  head,  but  shows  a  well- 
defined  "core."  The  section  at  18  ft.  shows  a  crack  inside  the  head,  on 
the  right  side,  which  is  larger  at  18  ft.  1  in.  and  at  18  ft.  6  in.  extends 
through  almost  the  full  depth  of  the  head.  It  is  also  seen  to  angle 
over  to  the  middle  of  the  head.  At  23  ft.  the  section  contains  two 
cracks,  the  new  and  smaller  crack  being  on  the  left  side.  At  25  ft. 
the  second  crack  disappears  and  the  section  shows  only  the  one  crack. 
At  26  ft.  the  section  again  shows  two  cracks,  both  being  fully  de- 
veloped and  extending  through  almost  the  full  depth  of  the  head. 
The  two  cracks  continue  through  to  the  section  at  32  ft.  All  the 
sections   show   a   well-defined   "core." 

Etchings  were  also  made  of  polished  horizontal  longitudinal  sec- 
tions of  the  head  of  the  rail  taken  from  18  ft.  2  in.  to  23  ft.  and 
from  30  ft.  3  in.  to  33  ft.  The  top  of  the  head  was  planed  off  to 
half  its  depth,  or  a  thickness  of  ^-in.,  near  the  side.  The  polished 
surfaces,  etched  with  copper-potassium  chloride,  are  sMown  in  Fig.  22. 
The  gaps  in  the  picture  represent  the  portions  cut  out  for  the  etchings 
of  the  transverse  sections.  It  will  be  noticed  that  the  crack  which 
starts  at  about  18  ft.  on  the  right  side  angles  over  so  that  in  about 
18  inches  it  is  on  the  left  side,  and  this  crack  evidently  continues 
through  to  the  end  of  the  rail  more  or  less  to  the  left  of  the  center. 
The  other  crack,  which  occurs  in  section  23,  is  seen  to  start  at  about 
28  ft.  8  in.,  and  the  transverse  sections  show  it  to  run  out  in  about 
2  ft  The  third  crack,  which  is  first  met  in  section  26,  on  the  right 
side,  is  shown  by  the  transverse  and  longitudinal  sections  to  run  con- 
tinuously to  32  ft.   1   in. 

A  prominent  feature  of  the  longitudinal  etchings  is  the  dark  interior 
portion  or  core  and  the  longitudinal  streaks. 
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Fig.  2.     Section  o  Ft. 


Fig.  3.    Section  2  Ft. 
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Fig.  4.    Section  8  Ft. 


Fig.  5.    Section  14  Ft. 
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Fig.  6.    Section  17  Ft. 


Fig.  7.     Section  18  Ft. 


TESTS   AND   CONCLUSIONS. 


476 


Fig.  8.    Section   18  Ft.  i  In. 


Fig.  9.    Section   18  Ft.  6  In. 
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Fig.  io.    Section  19  Ft. 


Fig.  11.    Section   20  Ft. 
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Fig.  12.    Section  22  Ft. 


Fig.  13.    Section  23  Ft. 
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Fig.  14.    Section  29  Ft. 


Fig.  15.    Section  25  Ft. 
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Fig.  16.    Section  26  Ft. 
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Fjg-  i7-    Section  27  Ft. 
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Fig.  18.    Section  28  Ft. 


Fig.  19.    Section   30  Ft. 
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Fig.  20.    Section  31  Ft. 
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Fig.  2i.     Section  32  Ft. 
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CHEMICAL   ANALYSES. 

Analyses  were  made  of  three  samples  taken  from  section  17  which 
showed  no  crack  on  etching,  and  of  three  samples  from  section  26, 
which  showed  two  large  cracks  in  the  head.  The  samples  were  taken 
with  a  %-m.  drill,  as  shown  in  Figs.  23  and  24,  and  consisted  of  one 
sample  from  the  head  just  below  the  top  surface,  to  represent  the 
head  metal  or  "envelope"  around  the  "core,"  a  second  sample 
parallel  with  the  top  surface,  but  just  inside  the  core,  and  a  third 
sample  from  the  interior  of  the  web.  The  results  of  the  analyses  are 
shown  in  the  following  table : 


< 

section 

17.                                  ■! 

Section  26. 

Top  of 

Top  of 

head. 

Core. 

Web.                 head. 

Core. 

Web. 

Carbon 

•43 

.83 

.86                     .43 

.83 

.85 

Phosphorus 

.069 

.144 

.172                   .055 

.138 

.149 

Sulphur 

.027 

•073 

.071                   .022 

.056 

.051 

Manganese 

.82 

.90 

•93                      -82 

•9i 

92 

Silicon 

.09 

.11 

.12                     .11 

.11 

.09 

-c 

O  0  (T~^ 

000  0 

o 
o 


DRILLINGS-SECTION  17 


Fig.  23. 
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For  convenient  comparison  I  give  below  the  chemical  composition 
recommended  by  the  Rail  Committee  in  supplement  to  Bulletin  121, 
dated  March,  1910,  for  80-lb.  Bessemer  rail : 

Carbon  40  to    .50 

Manganese  80  to  1.10 

Silicon   07  to     .20 

Phosphorus,  not  to  exceed .10 

Sulphur,    not    to    exceed .075 

o  riooTo 
0W0  //oo 


DRILLINGS-SECTION  26. 

Fig.  24. 
The    metal   from   the  "core,"  it  will  be  noted,  shows  very  considerable 
segregation  of  carbon,  phosphorus  and  sulphur,  and  a  little  segregation  of 
manganese,    but    apparently   no    segregation    of    silicon      The    metal    con- 
tained no  copper. 

The  amount  of  excess  of  carbon,  phosphorus  and  sulphur  in  the 
"core"  as  compared  with  the  metal  directly  above  it  in  the  "envelope" 
is  shown  below,  expressed  in  per  cent. : 

Section  17.  Section  26. 

Carbon 93%  93% 

Phosphorus    109  151 

Sulphur  170  155 

Manganese  10  11 
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The  carbon  and  phosphorus  in  the  core  are  both  very  high  and 
such  metal  would  be  very  brittle  and  could  have  but  little  ductility. 
The  phosphorus  and  sulphur  in  the  outer  metal,  or  "envelope,"  are 
considerably  below  normal  for  Bessemer  steel  as  made  at  the  Edgar 
Thomson  Works,  and  this  suggests  that  considerable  negative  segrega- 
tion has  occurred  here. 

The  etchings  and  analyses  indicate  strongly  that  this  rail  was  from 
the  upper  part  of  the  ingot,  although,  as  stated  above,  the  rail  had 
no  letter  stamped  on  it  to  show   its   ingot  position. 

TENSILE  TESTS. 


Longitudinal  and  transverse  specimens  were  cut  from  the  rail  for 
tensile  tests,  as  shown  in  Figs.  25  and  26,  at  a  distance  of  about  16 
ft.  from  the  end,  and  for  each  location,  two  test  specimens  were 
prepared,  so  that  the  tests  were  made  in  duplicate.  Specimens  f  and 
g  from  the  flange  were  cut  with  their  centers  \Y2  in.  from  the  side 
instead  of  7A-\n.,  as  shown  in  the  diagram,  on  account  of  the  flange 
being  too  thin  to  allow  getting  the  full  diameter  of  J/2-in.  at  a  dis- 
tance of  %-in.  from  the  side.  The  longitudinal  specimens  were  J/2-in. 
diameter  by  2  in.  gauge  length,  and  the  transverse  specimens  were  the 
same  diameter,  with  a  gauge  length  of  1  in.  Transverse  specimens 
were  cut  from  the  base  also,  although  not  shown  in  Fig.  26.  The 
results  of  the  tensile  tests  are  shown  in  table  below.  Eight  of  the 
eighteen  specimens  broke  outside  of  the  gauge  marks,  namely,  ai,  ci, 
di,  d2,  fi,  f2,  hi  and  h2.  The  yield  point  was  determined  by  means 
of  a  Capp's  multiplying  dividers,  except  in  the  transverse  specimens 
with  a  i-in.  gauge  length,  where  the  drop  of  the  beam  was  taken  as  the 
yield   point. 

Yield  Point.    Tensile  Str. 


lbs.  per 
Location.        sq.  in. 

ai — head,    cor 

2 — head,   cor.       55.500 


lbs.  per  Reduction 

sq.  in.  Elongation,     of  area. 
84,500  3    %  2.3% 

76,000  2  2.3 


bi — head,  cor.  69,020  103.400 

2 — head,  cor.  63,760  97,990 

ci — head,  int.  70,820  92,060 

2 — head,  int.  69,450  79,630 


10.5 
3-8 

0.0 
0.7 


di- 

-web 

2- 

-web 

ei- 

-base 

2- 

-base 

67,460 
68,890 

73,820 
72,390 


104,380 
109,080 

136,320 
128,350 


2.5 

3 

5 
4 


2-3 
2.7 

5-5 
47 
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Yield  Point.    Tensile  Str. 


lbs.  per 

lbs.  per 

Reduction 

Location. 

sq.  in. 

sq.  in. 

Elongation. 

of  area. 

fi — flange 

60,940 

100,420 

2% 

3-1% 

2 — flange 

58,530 

1 10,680 

8-5 

97 

gi — flange 

62,730 

114,590 

12 

14-3 

2 — flange 

55,230 

90,870 

3 

2.7 

hi — head,   trans. 

75,470 

0 

0 

2— head,  trans. 

75,88o 

0 

0 

ii — base,    trans. 

63,400 

77,420 

1 

1.5 

2 — base,    trans. 

60,830 

88,400 

2 

2.7 

The  most  noticeable  feature  of  these  results  is  the  very  low  ductility 
of  almost  all  of  the  specimens,  only  three  samples  showing  more  than 
5  per  cent,  elongation,  namely,  bi  from  the  corner  of  the  head,  with 
8  per  cent,  elongation,  f2  from  the  flange,  with  8^2  per  cent./ and  gi 
from  the  flange,  with  12  per  cent.,  and  of  these  the  latter  is  the  only 
one  that  at  all  approaches  the  normal  ductility  for  this  grade  of  steel. 
The  specimens  all  had  threaded  ends  and  the  holders  had  ball  joints, 
but  still,  as  stated  above,  eight  specimens  broke  outside  of  the  gauge 
marks.  On  account  of  the  low  ductility  most  of  the  specimens  broke 
"short"  before  the  full  tensile  strength  normal  to  the  steel  was  de- 
veloped. The  yield  point,  however,  seems  in  all  cases  to  have  been 
about  normal  to  the  composition  of  the  specimen.  The  transverse 
specimens  from  the  head  broke  at  but  little  above  the  yield  point,  with 
no  elongation  and  no  reduction  of  area.  The  fractures  also  both 
showed  streaks  running  lengthwise  of  the  rail,  which  seemed  to  be  a 
small  crack  in  the  head,  and  not  unlikely  were  the  beginning  of  a  split 
head.  The  transverse  specimens  from  the  base  showed  in  their  frac- 
tures a  small  seam  running  lengthwise  of  the  rail.  The  fractures  of 
the  longitudinal  specimens  from  the  web  showed  in  their  middle  por-  ■ 
tions  areas  of  finer  crystalline  structure,  corresponding  to  the  core  as 
developed   by  the  etching. 

MICROSCOPIC  TESTS. 
Microscopic  examination  was  made  of  a  vertical  transverse  section 
of  the  rail  and  of  a  vertical  longitudinal  section  of  the  head  of 
the  rail.  These  were  examined,  both  after  plain  polishing  and  also 
after  polishing  and  etching  with  picric  acid  solution  in  alcohol.  The 
plain  polished  surfaces  showed  a  great  many  small  pits,  due  apparently 
to  the  breaking  out  of  a  brittle  material  during  the  polishing.  The 
polished  surface  of  section  26,  in  the  core  near  one  of  the  cracks,  mag- 
nified 40  diameters,  is  shown  in  Fig.-  27  and  the  polished  surface  of 
a   vertical   longitudinal    Section   of   the   interior   of  the   head    of   the    rail 


TESTS.  AND    CONCLUSIONS. 


48U 


Fig.  27.    Transverse  Section,  Polished  and  Magnified  40  Diameters. 


?   ' .  i  1 


Fig.   28.    Vertical   Longitudinal   Section,   Polished   axd   Magnified  40 

Diameters. 
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magnified  40  diameters  is  shown  in  Fig.  28.  The  pits  are  shown  as 
dark  spots  and  in  the  longitudinal  section  are  seen  to  occur  in  streaks 
running  lengthwise  of  the  rail.  Fig.  29  shows  a  transverse  vertical  sec- 
tion at  the  upper  part  of  the  head  etched  with  picric  acid  and  magnified 
40  diameters.  Fig.  30  shows  the  same  surface  down  in  the  core.  Figs. 
31  and  32  are  similar  to  Figs. .  20/  and  30,  respectively,  but  represent 
longitudinal  vertical  sections  instead  of  transverse.  The  etched  sur- 
faces of  the  envelope  show  the"  white  network  of  ferrite  normal  to 
steel  of  about  .4  per  cent,  carbon,  and  at  the  surface  the  amount  of  fer- 
rite is  very  large,  but  the  core  does  not  show  the  net  of  ferrite,  which 
also  is  normal  to   steel  with  about  .8  per  cent,  carbon. 

The  pits  in  the  plain  polished  surfaces  must  be  due,  it  would 
seem,  to  some  brittle  material  breaking  out,  as,,  for  instance,  enclosure 
of  slag  or  any  non-metallic  material,  or  segregrate  of  carbon  or  phos- 
phorus compounds.  The  etched  surfaces  seem  to  show  no  indication 
of  slag,  and  in  the  plain  polished  surfaces  the  pits  are  seen  to  be  very 
angular,  which  would  suggest  that  they  were  not  due  to  enclosed  slag. 
This  suggests  then  that  the  pits  contained  some  brittle  metallic  com- 
pound, although  it  must  be  said  that  the  matter  is  left  in  a  .decidedly 
speculative  condition. . 

DEVELOPMENT   OF   CRACK. 

A  rail  in  service  tends  to  widen  at  the  upper  part  of  the  head, 
that  is,  the  upper,  part  of  the  head,  extends  transversely.  _  The .  amount 
of  widening  varies  considerably  with  different  rails,  some  showing 
but  little  and  others  a  large  amount.  The  compressive  effect  of  the 
rolling  wheels  evidently  causes  the  metal  to  flow  transversely,  and 
this  flowing  seems  always  to  be  greatest  at  about  the  top  of  the  rail. 
The  metal  at  the  top' of  a  rail  is  practically  always  ductile  material, 
but  the  metal  In  the  interior  of  the  head  may  sometimes'  be  brittle 
and  incapable  of  transverse  extension,  and  in  such  a  case,  when  the 
top  flows  and  widens,  the  interior  metal,  as  it  cannot  stretch  likewise, 
must  develop  a  crack.  -  Of  course,  anything  which  takes,  away  the 
ductility  of  the  metal  in  the  head  in  a  transverse  direction  would 
allow  of  the  formation  and  development  of  cracks,  as,  .  for  instance, 
slag  enclosures,  seams  and  laminations,  due  to  gas  holes  and  pipes,  or 
bad  segregation.  In  the  case  in  hand  the  splitting  of  the  head  seems 
to  have  been  due  to  bad  segregation .  of  the  carbon  and  phosphorus. 
The  metal  seems  to  have  been  good  metal  in  the  ladle,  but  it  evidently 
went  to  the  bad  in  the  making  of  the  ingot,  although  the  dangerous 
segregation  could,  indeed,  have  been  removed  with  a  sufficient  discard 
from  the  top.  This  suggests  that  it  would  be  desirable  to  make  a  some- 
what comprehensive  study  of  such  matters  as  size  and  shape  of  ingot 
and  other  conditions  influencing  segregation. 

After  a  crack  has  opened  up,  the  metal  above  it,  of  course,  tends 
to   flow   into    it   under   the   action   of   the   wheel    loads,    and    after    this 
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metal  has  reached  the  limit  of  its  ductility  in  compression,  it  shears 
along  diagonal  lines,  resulting  in  the  "wedge"  generally  seen  above  a 
crack.  The  crack  generally  comes  to  the  surface  at  the  underside  of 
the  head  at  its  junction  with  the  web,  although  occasionally  it  runs 
down  into  the  web  and  comes  to  the  surface  at  the  side  of  the  web. 

In  conclusion,  I  wish  to  say  the  thanks  of  the  Committee  are  due  for 
this  interesting  and  valuable  study  to  Mr.  F.  A.  Delano,  President,  and  Mr. 
G.  G.  Yeomans,  Assistant  to  the  President,  of  the  Wabash  Railroad, 
who  furnished  the  facilities  of  their  shops  for  the  machine  work  re- 
quired to  prepare  the  various  sections  and  test  pieces,  to  Mr.  H.  E. 
Byram,  Vice-President  of  the  C,  B.  &  Q.  R.  R.,  who  offered  the 
facilities  of  the  laboratory  of  that  road,  and  to  Mr.  W.  A.  Derby,  En- 
gineer of  Tests,  and  Mr.  A.  Bridge,  Metallographist,  of  the  C,  B.  & 
Q.  R.  R.,  for  the  considerable"  interest  they  took  ir.  the   laboratory  work. 


SEGREGATION  AS  INFLUENCED  BY  FIRE-CLAY  ON  INGOT. 

By 

M.  H.  Wickhorst,  Engineer  of  Tests— Rail  Committee. 

This  report  covers  tests  made  to  investigate  the  effect  on  segregation 
of  putting  fire-clay  on  the  ingot  directly  after  pouring.  During  the  regular 
pouring  of  a  heat  of  Bessemer  steel  of  six  ingots,  two  of  the  ingots  were 
selected  for  test,  one  of  which  was 'without  any  covering,  and  the  other  of 
which  was  covered  directly  after  pouring  with  a  half-shovelful  of  fire- 
clay, equal  to  about  two  pounds.  They  were  made  at  the  Edgar  Thomson 
Works  of  the  Carnegie  Steel  Co.  at  Braddock,  Pa.,  on  August  9,  1910, 
heat  5,101.  Mixer  metal  and  scrap  steel  were  blown  and  poured  into 
the  teeming  ladle,  liquid  spiegel  being  poured  in  at  the  same  time. 
The  metal  was  then  poured  at  once  into  the  molds,  without  any  other 
addition.  The  ingots  were  18^2x19^2  at  the  bottom.  The  stools  and 
molds  had  been  sprayed  with  a  wash  of  fire-clay.  The  metal  set  quietly 
in  both  ingots.  The  uncovered  ingot  hardened  quickly  on  top,  while  the 
covered  ingot  remained  liquid  on  top  for  some  time. 

After  being  in  the  soaking  pit  for  about  1  hr.  40  min.,  the  ingots 
were  bloomed  to  9^x9^  inches,  and  instead  of  making  the  usual  discard 
from  the  top,  as  little  as  practicable  was  sheared  off.  The  usual  practice 
at  this  mill  is  to  cut  the  bloom  into  two  billets,  making  the  large  discard 
from  the  top  and  a  small  one  from  the  bottom.  Each  of  these  billets 
makes  two  rails.  In  the  present  case,  as  stated,  only  a  small  amount  was 
sheared  from  the  top,  and  the  rails  from  the  top  billet  were  reserved  for 
this  investigation,  which  happened  to  be  90-lb.  A.  R.  A.  type  B  section. 
Previous  to  rolling  into  rails,  the  billets  were  run  through  a  reheating 
furnace.  The  weights  of  the  ingots  and  amounts  discarded  from  the  top, 
including  both  the  bloom  and  rail  croppings,  were  as  follows : 

Ingot  Test  No ,     ET4  ET5 

Top  covering None  Fire-clay 

Weight,  total 5,356  lbs.  5,346  lbs. 

Cut  from  top 193    "  228   " 

Per  cent,  from  top 3.6  per  cent.  4.3  per  cent. 

The  top  discards,  it  will  be  noted,  were  equivalent  to  rail  lengths  of 
about  6l/2  and  yl/2  ft.,  respectively. 

The  investigation  consisted  of  drop  tests,  chemical  analyses  and  etch- 
ings of  sections.    The  A  and  B  rails  of  each  ingot  were  divided  into  units 
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of  a  third  of  a  rail  length  each,  or  n  ft.,  and  each  of  the  tests  made  on 
each  unit.  The  "pieces  cut  from  each  rail  and  the  tests  made  of  them  are 
shown  in  the  following  list: 


Fig.  2 — Samples  for  Analysis. 

Piece  No.  Test. 

i Analyses  and  etching. 

2 Drop  test,  head  tension. 

3 Drop  test,  base  tension. 

4 Analyses  and  etching. 

5 Drop  test,  head  tension. 

6 Drop  test,  base  tension. 

7 Analyses  and  etching. 

8 Drop  test,  head  tension. 

9 Drop  test,  base  tension. 

io Analyses  and  etching  (B  rail  only). 

This  information  is  also  shown  diagrammatically  in  Fig.  i. 
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ANALYSES. 

Analyses  were  made  at  intervals  of  n  ft.  along  the  rails,  and  two 
samples  were  taken  from  each  section,  one  from  near  the  upper  corner  of 
the  head  and  the  other  from  the  web,  as  shown  in  Fig.  2.  Ladle  samples 
were  taken  at  the  end  of  the  pouring  of  each  ingot.  The  analyses  of 
these  various  samples  and  the  average  results  on  the  head  samples  of  the 
B  rail  are  shown  in  table  No.  1.  The  average  of  the  samples  from  the 
corner  of  the  head  of  the  B  rail  is  taken  as  probably  representing  as  near 
as  can  be  determined  the  average  steel  as  poured  into  the  mold.  Due  to 
failure  of  the  steel  to  mix  thoroughly  in  the  ladle,  a  small  sample  taken 
while  pouring,  as  in  the  ladle  test,  may  not  always  be  a  true  average. 

TABLE    I — CHEMICAL   ANALYSIS. 


Distance 

Carbon.     Phosphorus. 

Sulphur. 

Mang 

anese. 

Silicon 

from  top. 

Pin.  Cvd.      Pin. 

Cvd. 

Pin. 

Cvd. 

Pin. 

Cvd. 

Pin. 

Cvd. 

0 — Head 

•43 

43 

080 

.082 

•045 

.047 

1.02 

I.OI 

.112 

.107 

Web 

.46 

•55 

085 

.116 

•045 

.070 

1. 11 

1. 14 

.140 

.140 

1  if-  Head 

•49 

49 

081 

.094 

.050 

.058 

1.07 

1.09 

.112 

•  115 

Web 

•54 

.63 

130 

.163 

.078 

.094 

1.14 

1.18 

.112 

•135 

22 — Head 

•5i 

52 

092 

.097 

.060 

.058 

1.08 

1.04 

•115 

"5 

Web 

•55 

.61 

136 

.128 

.086 

.077 

1. 14 

115 

.103 

.121 

33— Head 

•51 

53 

095 

.097 

•055 

.058 

1.08 

1. 10 

.112 

.121 

Web 

■49 

.42 

118 

1.04 

.067 

.060 

113 

1. 10 

.112 

.121 

44 — Head 

•52 

•47 

096 

.096 

.065 

.060 

1. 10 

1. 11 

.107 

.121 

Web 

.42 

•49 

105 

.100 

.061 

•057 

1. 10 

1. 14 

.112 

.103 

55— Head 

•50 

•45 

097 

.097 

.060 

.065 

1.06 

1. 10 

.112 

121 

Web 

.46 

•54 

102 

095 

.058 

•056 

1.08 

1. 10 

.103 

.112 

66— Head 

.48 

.46 

098 

.099 

■053 

.060 

1.06 

1.09 

.107 

.117 

Web 

•43 

•52 

100 

•097 

•054 

•053 

1.08 

1.07 

.112 

•093 

Av.  head 

samples, 

B  rail 

•50 

48 

097 

.097 

.058 

.061 

1.08 

1. 10 

.110 

.120 

Ladle  test : 

ET4 

■4; 

5 

096 

.( 

564 

1 

06 

.121 

ET5 

•4< 

) 

100 

.< 

>55 

1. 

04 

.112 

In  the  above  table  the  carbon,  phosphorus  and  sulphur  show  consid- 
erable segregation  in  some  of  the  web  samples,  while  the  manganese  and 
silicon  show  a  fairly  even  distribution. 

For  more  convenient  study,  the  phosphorus  results  are  plotted  in  dia- 
grams Fig.  3.    The  distance  in  feet  that  the  sample  was  taken  from  the 
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top  end  of  the  A  rail,  and  in  per  cent,  from  the  top  of  the  ingot,  are  shown 
horizontally  and  the  amount  of  phosphorus  is  shown  vertically.  One  dia- 
gram shows  the  results  from  the  corner  of  the  head,  comparing  the  plain 
with  the  covered  ingot,  and  the  other  diagram  shows  the  comparison  of 
the  results  from  the  web.  On  this  diagram  is  shown  a  line  representing 
the  average  phosphorus  in  the  two  ingots,  namely,  .097  per  cent.  It  will 
be  noticed  that  the  head  samples  in  the  plain  ingot  show  negative  segre- 
gation of  phosphorus  in  samples  at  o  and  11  ft.,  corresponding  to  4  per 
cent,  and  10  per  cent,  respectively,  from  the  top  of  the  ingot,  while  the 
covered  ingot  shows  negative  segregation  only  in  the  top  sample.  The 
other  head  samples  show  about  the  average  phosphorus.  Going  now  to 
the  web  samples,  it  will  be  noted  that  the  plain  ingot  shows  negative  segre- 
gation in  the  top  sample,  while  the  covered  ingot  shows  some  positive 
segregation.  The  samples  at  11  ft.  both  show  marked  segregation,  the 
covered  ingot  especially  so.  In  the  samples  at  22  ft.,  corresponding  to  16 
per  cent,  from  the  top  of  the  ingot,  the  plain  ingot  shows  a  still  further 
increase  of  phosphorus  in  the  web,  while  the  covered  ingot  drops  a  little 
below  it.  At  33  ft.,  the  plain  ingot  still  shows  considerable  segregation, 
while  the  covered  ingot  drops  down  to  about  the  average  of  the  steel.  The 
samples  from  44,  55  and  66  ft.,  in  both  ingots,  roughly  approximate  the 
average  phosphorus. 

The  results  on  carbon  and  sulphur  are  plotted  in  the  diagrams  shown 
in  Fig.  4,  and  the  remarks  concerning  phosphorus  apply  very  closely  to  the 
sulphur  also.  The  carbon,  however,  shows  some  vagaries  which  are 
puzzling.  In  the  samples  from  the  corner  of  the  head,  negative  segrega- 
tion is  shown  at  the  top  of  the  rail  bar  in  both  ingots.  In  the  plain  ingot 
the  other  head  samples  approximate  the  average  carbon,  while  in  the  cov- 
ered ingot  the  carbon  first  goes  up  a  little  above  the  average  and  then  a 
little  below  the  average.  In  the  samples  from  the  web,  the  top  of  the 
rail  bar  shows  about  the  average  carbon  in  the  plain  ingot  or  a  trifle  below 
it,  while  in  the  covered  ingot  the  carbon  is  a  little  above  the  average.  In 
the  samples  at  11  ft.  and  22  ft.,  the  plain  ingot  shows  carbon  a  little 
above  the  average,  and  in  the  covered  ingot  considerably  so.  From  here 
on  the  curves  drop  very  abruptly  and  then  rise  again,  in  a  specially  curious 
manner  in  the  covered  ingot.  These  irregularities  of  carbon  are  very 
puzzling,  and  whether  they  represent  actual  conditions  or  are  due  to  ex- 
change of  samples  or  errors  of  analysis,  it  is  hard  to  say,  although  the 
analytical  work  was  done  carefully. 

The  chemical  results  discussed  above  seem  to  show  that  the  effect  of 
the  covering  of  fire-clay,  as  used  in  this  experiment,  is  to  run  the  segre- 
gation higher  up  in  the  ingot  and  also  to  increase  its  concentration.  The 
increases  of  carbon,  phosphorus  and  sulphur  in  the  web,  as  compared  with 
the  average  steel  at  distances  of  11  ft.  and  22  ft.  from  the  top  of  the  rail 
bar  as  sawed,  representing  distances  of  10  per  cent,  and  16  per  cent., 
respectively,  from  the  top  of  the  ingot,  are  shown  for  both  ingots  in  table  2. 
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Fig.  4— Carbon  and  Sulphur  Diagrams. 
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TABLE  2— SEGREGATION. 

II    ft.  22   ft. 

Plain.     Covered.  Plain.  Covered. 

Average  carbon .49  .49 

Web   54            63  -55             .61 

Increase    10%          29%  12%          24% 

Average  phosphorus . .         .097  .097 

Web   130  .163  .136  .128 

Increase    '...34%  68%  40%  32% 

Average    sulphur 060  .060 

Web   078  .094  .086  .077 

Increase    30%  57%  43%  28% 

These  figures  seem  to  indicate  that  at  a  distance  of  10  per  cent,  from 
the  top  of  the  ingot  the  concentration  of  the  segregate  is  very  much 
greater  in  the  covered  ingot,  but  at  16  per  cent,  somewhat  greater  in  the 
plain  ingot.  These  figures  do  not,  however,  give  any  information  as  to 
the  area  covered  by  the  segregated  metal  in  the  sections  of  the  rail,  3nd 
judgment  on  this  point  must  be  withheld  until  the  etched  sections  have 
been  studied.  •  , 

ETCHINGS. 

Sections  of  one-half  inch  were  taken  at  intervals  of  11  ft.  along  each 
rail,  polished  and  etched  with  copper-ammonium  chloride  solution.  The 
etched  sections  from  each  ingot,  at  distances  of  o,  11,  22,  33  and  44  feet 
along  the  rail  bar,  are  reproduced  as  Figs.  5  to  14,  inclusive.  Fig.  5  shows 
the  top  of  the  rail  bar  of  the  plain  ingot,  representing  4  per  cent,  from  the 
top  of  the  ingot,  and  the  section  is  seen  to  contain  spots  and  streaks,  dis- 
tributed over  the  whole  section.  The  corresponding  section  of  the  covered 
ingot  is  shown  in  Fig.  6,  and  this  also  shows  a  somewhat  general  distribu- 
tion of  spots  and  streaks,  but  it  differs  in  showing  some  concentration  of 
segregate  into  the  web,  which  corresponds  with  the  results  of  the  analyses. 
Fig.  7  shows  a  section  at  11  ft.,  or  about  10  per  cent,  from  the  top  of  the 
plain  ingot,  which  shows  a  few  spots  and  streaks  and  also  an  area  of  seg- 
regate down  through  the  web.  The  corresponding  section  of  the  covered 
ingot  is  shown  in  Fig.  8.  This  is  comparatively  free  from  spots  and  small 
streaks,  but  has  a  large,  dark  streak  through  the  web,  which  the  analysis 
shows  must  be  rather  concentrated  segregate.  The  section  at  22  ft.,  or 
16  per  cent,  from  the  top  of  the  plain  ingot,  is  shown  in  Fig.  9.  This 
shows  a  few  spots  and  streaks  throughout  the  section  and  also  shows  a 
darker  area  through  the  web,  which  the  analysis  shows  to  be  high  in 
carbon,  phosphorus  and  sulphur.  The  corresponding  section  of  the  cov- 
ered ingot  is  shown  in  Fig.  10,  and  shows  a  fairly  even  structure,  with 
comparatively  few  spots  and  streaks.  The  sections  at  33  ft.  and  44  ft., 
representing  respectively  23  per  cent,  and  29  per  cent,  from  the  top  of  the 
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Fig.  5 — Section  at  Top  of  Rail  Bar — Plain  Ingot- 
4  Per  Cent.  From  Top  of  Ingot. 


Fig.  6 — Section  at  Top  of  Rail  Bar — Covered  Ingot 
— 4  Per  Cent.  From  Top  of  Ingot. 
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Fig.    7 — Section    at    ii-ft. — Plain    Ingot- 
io  Per  Cent.  From  Top  of  Ingot. 


Fig.  8 — Section  at   ii-ft. — Covered   Ingot- 
io  Per  Cent.  From  Top  of  Ingot. 
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Fig.  9 — Section  at  22-ft. — Plain  Ingot- 
16  Per  Cent.  From  Top  of  Ingot. 


Ftg.   io — Section  at  22-ft. — Covered  Ingot- 
16  Per  Cent.  From  Top  of  Ingot. 
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Fig.    ii — Section   at  33-FT. — Plain   Ingot— 23    Per 
Cent.  From  Top  of  Ingot. 


Fig.   12 — Section  at  33-FT. — Covered  Ingot — 
23  Per  Cent.  From  Top  of  Ingot. 
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Fig.    13 — Section   at  44-FT. — Plain    Ingot — 
29  Per  Cent.  From  Top  of  Ingot. 


Fig.   14 — Section  at  44-FT. — Covered  Ingot- 
29  Per  Cent.  From  Top  of  Ingot. 
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ingot,  show  fairly  even  structures  in  both  ingots  and  are  reproduced  in 
Figs,  ii,  12,  13  and  14.  The  sections  at  55  and  66  ft.  showed  very  even 
structures  in  both  ingots,  but  are  not  reproduced. 

The  indications  of  the  etchings  are  similar  to  the  showings  of  the 
analyses,  namely,  that  the  prominent  segregation  occurs  higher  in  the 
covered  than  in  the  plain  ingot. 

DROP  TESTS. 

Six  drop  tests  were  made  of  each  rail,  three  with  the  head  in  tension 
and  three  with  the  base  in  tension.  The  top  was  2,000  lbs.,  the  height  of 
drop  was  18  ft.,  the  supports  were  three  feet  apart  and  the  anvil  was  the 
standard  spring-supported  anvil  of  10  tons.  The  deflection  was  taken  as 
the  distance  between  a  three-foot  straight-edge  and  the  part  of  the  rail 
struck  by  the  tup.  Gauge  marks  1  inch  apart  were  put  on  the  side  in  ten- 
sion for  a  distance  of  six  inches  and  the  stretch  of  each  inch  determined 
after  each  blow.  The  results  of  the  drop  tests  are  shown  in  tables  as 
follows : 

Table  3 — Plain  ingot,  head  tension. 
Table  4 — Covered  ingot,  head  tension. 
Table  5 — Plain  ingot,  base  tension. 
Table  6 — Covered  ingot,  base  tension. 
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TABLE    3 — DKOP    TEST,    PLAIN     INGOT,     HEAD    TENSION. 


No.  of 

Length  of 

i-inch  marks  after  blow 

Test  No. 

blow. 

Deflection. 

1 

2 

3 

4 

5 

6 

ET4-A2 

1 

i-93      • 

1.05 

1.08 

1. 10 

1.09 

1.08 

1.07 

2 

Broke 

1.07 

1. 11 

1.14 

I.I3 

.... 

1.07 

ET4-A5 

1 

1.86 

1.06 

1.09 

1.09 

1.09 

1.06 

1.03 

2 

Broke 

1.07 

1. 10 

1.08 

1.06 

ET4-A8 

1 

Broke 

1. 00 

1. 00 

I.OI 

1. 00 

1. 00 

ET4-B2 

1 

1.82 

1.06 

1.08 

1.09 

1.09 

1.08 

105 

2 

3-37 

1.13 

1. 17 

1.18 

LIS 

1. 11 

i. 06 

3 

4.76 

1. 17 

1.22 

1.22 

I.I9 

1.16 

I.IO 

4 

Broke 

1. 18 

1.23 

1.23 

1. 21 

MS 

ET4-B5 

I 

1.81 

1.06 

1.07 

1.09 

1.09 

1.08 

i.05 

2 

3-36 

1. 12 

1. 16 

1. 18 

I.I6 

I. II 

1.07 

3 

478 

1. 16 

1.22 

1.23 

1. 21 

1. 16 

I.IO 

4 

Broke 

1. 18 

1.22 

1.23 

1. 21 

MS 

I.IO 

ET4-B8 

1 

1.84 

1.05 

1.06 

1.09 

1.08 

I.07 

1.05 

2 

3-39 

1. 11 

LIS 

1.18 

I.I6 

1.13 

1.07 

3 

4.86 

113 

1. 18 

1.22 

1.20 

I.I7 

I  II 

4 

Broke 

113 

1. 19 

1.22 

I.2I 

I.I7 

I.I2 
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TABLE  4 — DROP   TEST,  COVERED  INGOT,   HEAD  TENSION. 


No.  of 

Length  of 

i-inch  marks  after  blow. 

Test  No. 

blow.  Deflection. 

•1             2 

3             4            5             6 

ET5-A2 

1          Broke 

1.04         1.05 

1.06         1.05         1.04 

ET5-A5  1  Broke  1.00        1.00        1.01        1.01        1.00 

ET5-A8 

ET5-B2 
ET5-B5 
ET5-B8        Test  spoiled  account  striking  rail  on  wrong  side. 


I 

1.86 

1.06 

1.07 

I.09 

1.09 

1.08 

1. 05 

2 

346 

1. 12 

1. 17 

1. 18 

1.16 

1. 11 

1.07 

3 

Broke 

1. 14 

1. 19 

1.22 

1.20 

1-15 

1. 11 

1 

1.82 

1.05 

1.07 

1.09 

1.09 

1.07 

1.06 

2 

3-37 

I. II 

MS 

1. 18 

1. 16 

1. 12 

1.08 

3 

4-73 

I-I5 

1.20 

I.2I 

1.20 

I-I5 

1. 10 

4 

Broke 

1. 16 

1.20 

1.22 

1.20 

1.16 

1 

1.80 

I.05 

I.06 

I.08 

1.09 

1.07 

1.05 

2 

3-38 

1.07 

I. II 

i.'i5 

1.17 

LIS 

1. 11 

3 

4.70 

1. 12 

1. 14 

1. 18 

1. 19 

I.I8 

1.13 

4 

Broke 

1. 12 

LIS 

1. 18 

I.l8 

1.14 
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TABLE     5 — DROP    TEST,    PLAIN     INGOT,    BASE  TENSION. 


No.  of 

Length  of 

i-inch 

marks  after  blow 

Test  No. 

blow. 

Deflection. 

1 

2 

3 

4 

5 

6 

ET4-A3 

1 

1.83 

1. 05 

I.05 

1.06 

1.07 

1.06 

1.04 

2 

Broke 

1.05 

1.06 

1.06 

1.05 

ET4-A6 

1 

1.80 

1.04 

1.05 

1.06 

1.07 

1.07 

104 

2 

3-32 

1. 10 

1. 12 

I.I3 

1.13 

1. 11 

1.08 

3 

478 

1. 10 

1. 14 

1. 17 

1. 19 

1.17 

1.13 

4 

Broke 

1. 11 

MS 

1. 16 

1.20 

1. 18 

1. 15 

ET4-A9 

1 

1.78 

1.05 

1.07 

1.07 

1.06 

1.05 

1.04 

2 

3.22 

1. 10 

1. 12 

1. 12 

1. 11 

1.09 

1.06 

3 

4.60 

1,13 

1. 16 

1.18 

1. 16 

113 

1.09 

4 

Broke 

I.I3 

1. 18 

1. 16 

1.14 

1. 11 

ET4-B3 

1 

1.78 

1.04 

I.06 

1.07 

1.06 

1.06 

1.04 

2 

3-29 

1.09 

1. 12 

I.I3 

1. 12 

1.09 

1.07 

3 

4-74 

1.13 

1. 17 

1.19 

1.18 

1. 14 

1. 10 

4 

Broke 

1. 18 

1.20 

1.19 

1. 16 

1. 11 

ET4-B6 

1 

1.82 

1.05 

I.06 

1.07 

1.06 

1.05 

1.03 

2 

3-33 

1. 10 

1. 12 

M3 

1. 12 

1. 10 

1.08 

3 

4.70 

LIS 

1. 18 

1.16 

I.I3 

1. 10 

1.08 

4 

6.42 

I.I7 

1.20 

1.20 

I.17 

1. 14 

1. 10 

Not  broken 

5 

8.66 

1. 18 

I.20 

1.20 

1. 19 

1.16 

113 

ET4-B9 

1 

1.81 

I.O4 

1. 05 

1.06 

1.06 

1.05 

1.04 

2 

3-30 

1.08 

1. 11 

1. 12 

I. II 

1.08 

1.06 

3 

4.78 

I. II 

1. 14 

I.l6 

1. 16 

1. 12 

1.09 

4 

Broke 

1. 12 

1. 16 

I.I8 

i.t8 

MS 

1. 12 
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TABLE  6 — DROP  TEST,   COVERED   INGOT,   BASE   TENSION. 

No.  of  Length  of  i-inch  marks  after  blow. 


Test  Xo. 

blow. 

Deflection. 

1 

2 

3 

4 

5 

6 

ET5-A3 

1 

Broke 

1.03 

1.03 

.... 

1.04 

1.04 

1.03 

ET5-A6 

1 

1.80 

1.04 

1.06 

1.06 

1.07 

1.06 

1.04 

2 

3-34 

1.07 

1. 11 

I.I3 

I.I3 

1. 11 

1.08 

3 

Broke 

1.08 

1. 12 

I.I5 

1.13 

I.IO 

ET5-A9 

1 

1.76 

1.04 

1.06 

1.07 

1.06 

1.04 

1.04 

2 

3-25 

1.09 

1. 12 

1. 12 

1. 11 

1.09 

1.06 

3 

4.76 

I.I3 

1. 1 6 

1. 16 

1. 16 

1. 11 

1.08 

4 

Broke 

I.I3 

1.17 

1.18 

1.16 

1. 12 

1.09 

ET5-B3 

1 

1.78 

1.06 

1.06 

1.07 

1.07 

1.06 

1.05 

2 

3-32 

1.09 

1. 11 

1. 12 

1.12 

I.IO 

1.08 

3 

4.84 

1. 12 

1. 14 

1.16 

1.16 

1.13 

1.09 

4 

Broke 

.... 

1. 16 

1.18 

I.I7   - 

113 

I.IO 

ET5-B6 

1 

1.84 

1.05 

1.06 

1.06 

1.06 

1.05 

1.04 

2 

3-34 

1.08 

1. 10 

1. 12 

1. 12 

I.IO 

1.08 

3 

485 

1. 11 

1.14 

1.18 

1.16 

1.14 

I.IO 

4 

Broke 

1.12 

1.15 

1.18 

1.17  ' 

LIS 

I. II 

ET5-B9 

1 

1.80 

1.04 

1.05 

1.06 

1.06 

1. 05 

1.04 

2 

3-34 

1.05 

1.08 

1. 11 

1.13 

1. 12 

1.09 

3 

4-85 

1.09 

1.13 

1.16 

1.18 

1.16 

1.13 

4 

6.70 

1. 11 

1. 14 

1.18 

1.20 

1.18 

iiS 

c 

Broke 

1. 12 

1.16 

1.1S 

I.IO 

1.16 
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Probably  the  best  way  to  compare  the  results  of  the  drop  tests  is  on 
the  basis  of  the  maximum  elongation  given  by  the  metal  after  breaking, 
and  for  convenient  comparison  I  give  the  elongation  results  in  table  7 : 

TABLE    7 — MAXIMUM    ELOXGATIOX    IN    DROP    TESTS. 


Head  Tension. 

Base  Tension. 

Plain 

Covered 

Plain 

Covered 

Rail. 

Distance 

Ingot. 

Ingot. 

Ingot. 

Ingot. 

A 

1st,  II   ft. 

14% 

6% 

7% 

4% 

?nd,  11  ft. 

10 

1 

20 

15 

3rd,  11  ft. 

I 

22 

18 

18 

B 

4th,  11  ft. 

23 

22 

20 

18 

5th,  11  ft. 

23 

18 

20 

18 

6th,  11  ft. 

22 

18 

19 

These  results  are  also  shown  graphically  in  Fig.  15,  which  should  be 
studied  closely,  as  I  think  it  displays  some  significant  information.  Consid- 
ering the  tests  with  the  head  in  tension,  it  will  be  noticed  that  the  ductility 
at  first  decreases  as  we  go  down  the  ingot  until  a  very  brittle  point  is 
reached,  which  was  found  at  18  per  cent,  down  from  the  top  in  the  plain 
ingot  and  12  per  cent,  down  in  the  covered  ingot.  Of  course,  it  must  be 
remembered  that  the  tests  with  head  tension  were  made  at  distances  6  per 
cent,  apart,  so  that  the  point  or  zone  of  brittleness  could  not  be  located 
closely,  but  it  is  evident  that  there  is  such  a  brittle  place  in  the  rail  from 
both  ingots  and  that  it  occurs  lower  down  in  the  plain  than  in  the  covered 
ingot,  and  further,  that  the  usual  discard  of  about  .10  per  cent,  from  the 
top  would  not  remove  it  from  either  of  these  two  ingots.  Going  still 
farther  down  the  ingot,  we  rapidly  pass  the  brittle  zone  and  the  metal 
shows  good  ductility  down  to  36  per  cent.,  where  the  tests  ceased,  although 
other  tests  have  shown  that  the  good  ductility  continues  for  the  rest  of 
the  ingot. 

Considering  now  the  tests  with  the  base  in  tension,  it  will  be  seen  that 
the  first  test  represents  a  distance  of  8  feet  from  the  top  of  the  finished 
rail  bar,  or  8  per  cent,  from  the  top  of  the  ingot.  This  means  that  the 
place  where  the  tup  struck  the  rail  was  this  distance  down.  The  ductility 
is  low  at  this  place,  especially  in  the  covered  ingot.  The  ductility  rapidly 
rises,  however,  as  we  go  down  the  ingot,  with  no  evidence  of  a  very  brittle 
zone,  which  shows  only  1  per  cent,  stretch  when  broken.  Consideration 
of  this  matter  and  the  fractures  in  drop  tests  show  that  this  test  is  essen- 
tially a  tension  test  of  the  part  in  tension,  as  failure  generally  starts  in 
the  part  in  tension,  although  occasionally,  with  very  ductile  material,  failure 
occurs  by  shear  along  the  neutral  plane,  and  the  study  of  fractures  also 
shows  that  failure  does  not  often  start  at  the  outer  fibers,  where  the 
metal  is  stretched  most,  but  internally,  where  the  metal  seems  to  be  least 
ductile.  An  internal  area  of  brittle  material  in  the  head  or  base  seems  to 
determine    failure,    even   though    the    outer    fibers    may    be    very    ductile. 


514  ,  1         TESTS   AND   CONCLUSIONS. 

Strongly  segregated  metal  does  not  extend  into  the  base  to  the  extent  that 
it  does  into  the  head,  and,  therefore,  it  is  reasonable  to  expect  that  it 
would  not  show  its  influence  as  promptly  when  a  rail  is  drop  tested  with 
base  tension  as  with  head  tension.  I  give  this  as  appearing  to  me  to  be  a 
consistent  explanation  of  the  difference  between  the  head  tension  and 
base  tension  curves,  although  it  will  take  considerably  more  experiment  to 
work  this  matter  out. 

The  results  showing  the  deflection  after  the  first  blow  also  make  an 
interesting  study,  and  1  give  these  results  in  table  8. 

TABLE   8 — DEFLECTION    AFTER  FIRST   BLOW    IN    DROP  TESTS. 


Head 

Tension. 

Base 

Tension. 

Plain 

Covered 

Plain 

Covered 

Rail. 

Distance 

>  Ingot. 

Ingot. 

Ingot. 

Ingot. 

A 

ISt,    II    ft. 

1-93 

Broke 

1.83 

Broke 

2nd,  ii  ft. 

1.86 

Broke 

1.80 

1.80 

3rd,  11  ft. 

Broke 

1.86 

1.78 

1.76 

B 

4th,  11  ft. 

1.82 

1.82' 

1.78 

1.78 

5th,   11  ft. 

1.81 

1.80 

1.82 

1.84 

6th,  11  ft. 

1.84 

1.81 

1.80 

The  deflection  is  just  about  the  same  for  both  ingots  and  is  seen  to 
first  decrease  a  little  as  we  go  down  the  ingot  and  then  to  increase  again 
to  about  40  per  cent,  down  from  the  top,  the  limit  of  this  investigation, 
but  other  tests  have  shown  that  the  deflection  continues  to  increase  in 
amount  to  about  the  bottom  of  the  ingot.  This  means  that,  starting  from 
the  top  of  the  ingot,  the  rail  bar  first  increases  in  stiffness  as"  measured  by 
the  drop  test  and  then  decreases  in  stiffness,  the  maximum  stiffness  seem- 
ing to  be  about  30  per  cent,  down  with  head  tension  and  about  20  per  cent, 
down  with  base  tension,  according  to  the  indications  of  these  particular 
tests.  The  extremes  here  vary  by  7  per  cent,  with  head  tension  and  only 
3  per  cent,  with  base  tension,  which  again  suggests  that  the  base  is  less 
affected  by  the  interior  segregation. 

Diagrams  of  the  fractures  obtained  in  the  drop  tests  with  head  tension 
are  shown  in  Fig.  16  and  with  base  tension  in  Fig.  17.  It  will  be  noted 
that  in  the  three  pieces  from  the  A  rail  of  the  plain  ingot  with  head  ten- 
sion the  fracture  started  in  the  interior  of  the  head,  and  this  was  also  the 
case  in  the  first  two  pieces  from  the  covered  ingot.  In  the  other  pieces 
with  head  tension  the  fracture  started  in  or  near  the  neutral  plane,  due, 
presumably,  to  the  shear  between  the  part  in  tension  and  that  in  com- 
pression. In  these  latter  cases  the  rail  gave  considerable  deflection  before 
breaking.  With  base  tension  the  fracture  in  most  cases  started  in  the 
interior  of  the  base,  although  in  samples  ET5-B3  and  ET5-B6  from  the 
covered  ingot  the  fracture  started  in  the  web,  also  due,  perhaps,  to  shear. 
Sample  ET5-A9  from  the  covered  ingot,  representing  a  distance  of  21 
per  cent,  from  the  top,  had  a  lamination  in  the  web  one  inch  wide,  and 
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DROP    TESTS-  HEAD    TENSION 


PLAIN     INGOT 


COVERED    INGOT 


ET4A2 


Sfna-LL     La/mi.  nation 

ET5A2 


ET4A5 


ET4A8 


La-tniTiatign    in    uucb 


ET5A8 


ET4B2 


ET5BZ 


ET4B5 


GS3 

ET5B5 


ET4B© 


Test    spot  Led.    by  (  strikiing 
a>ro"ng    side. 


ET5B8 


Fig.  16 — Fractures  With  Head  in  Tension. 
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DROP    TESTS- BASE    TENSION 


PLAIN  INGOT 


COVERED  INGOT 


ET4A3 


ET5A3 


ET4A6 


ET5A6 


ET4A9 


ET5A9 


ET4B3 


ET5B3 


Gave  5   bLou>s>.   Mot  broken. 


ET4BG 


ET5B6 


ET4B9 


ET5B9 


Fig.  17 — Fractures  With  Base  in  Tension. 
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sample  ET5-B3,  from  the  same  ingot,  representing  27  per  cent,  from  the 
top,  had  a  34-inch  lamination  in  the  web.  It  is  interesting  to  note  that 
it  took  four  blows  in  both  of  these  cases  to  break  the  rail. 

The  approximate  height  which  would  have  been  just  sufficient  to  cause 
fracture  is  shown  in  table  9.  This  was  determined  by  taking  the  elonga- 
tion at  the  last  blow  which  did  not  cause  fracture  and  figuring  that  each 
per  cent,  elongation  beyond  this  with  head  tension  was  due  to  2.0-foot  drop 
and  each  per  cent,  increase  with  base  tension  was  due  to  2.7-foot  drop,  the 
average  maximum  elongation  as  the  result  of  the  first  blow  from  18  feet 
having  been  at  9.1  per  cent,  with  head  tension  and  6.7  per  cent,  with  base 
tension. 

TABLE  9 — HEIGHT  OF  DROP  JUST   SUFFICIENT  TO  CAUSE  FRACTURE. 

Head  Tension.  Base  Tension. 

Per  Cent.  Per  Cent. 

From            Plain            Covered  From            Plain          Covered 

Top.            Ingot.              Ingot.  Top.            Ingot.           Ingot. 

6%             26  ft.             12  ft.  8%             18  ft.             11  ft. 


12 

20 

2 

15 

57 

41 

18 

2 

44 

21 

53 

59 

24 

56 

56 

27 

53 

59 

30 

58 

56 

33 

over  92 

57 

36 

56 

39 

53 

77 

CONCLUSION. 

This  study  seems  to  show  that  with  a  Bessemer  ingot  weighing  about 
5,000  lbs.  the  effect  of  covering  it  with  fire-clay  directly  after  pouring  is  to 
cause  the  greatest  segregation  to  go  higher  toward  the  top  of  the  ingot 
and  also  to  increase  its  concentration.  A  small  discard,  say  less  than  10 
per  cent,  from  the  top,  does  not  remove  the  zone  of  maximum  segregation 
from  either  the  plain  or  covered  ingot,  and  the  segregation  would  be  worse 
in  the  covered  ingot.  A  large  discard  of  20  per  cent,  or  over  removes  it 
more  effectively  from  the  covered  ingot.  This  whole  study,  however, 
can  be  taken  only  as  an  indication  and  seems  to  show  strongly  the  need 
for  a  thorough  study  of  the  whole  subject  of  ingot-making.  Ingots  of  dif- 
ferent sizes  and  shapes,  made  of  both  Bessemer  arid  open-hearth  steels 
and  with  different  treatments,  should  be  made  and  thoroughly  studied, 
by  testing  the  rails  made  from  them  and,  what  is  perhaps  more  important, 
by  also  testing  the  ingots  themselves.  Etchings  and  analyses  should  be 
made  of  various  ingot  sections  to  determine  accurately  the  distribution  of 
the  various  metalloids  and  of  cavities,  slag,  etc. 

The  rails  for  the  above  tests  and  all  the  analyses  and  test  facilities  were 
kindly  furnished  by  the  Carnegie  Steel  Co.,  to  whom  the  thanks  of  the  Rail 
Committee  are  due. 


STRENGTH  OF  RAIL  HEAD. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  covers  tests  made  to  determine  the  strength  of  the  head 
of  the  rail  with  the  load  concentrated  at  the  edge  of  the  top  surface.  Tests 
were  made  with  a  200,ooo-pound  test  machine  by  canting  a  piece  of  rail 
18  inches  long  and  applying  the  load  at  the  edge  by  means  of  a  block  with  a 
radius  of  16^2  inches  to  represent  a  car  wheel  where  it  came  in  contact 
with  the  rail.  Other  tests  were  made  with  a  reciprocating  machine  repre- 
senting a  loaded  wheel  rolling  back  and  forth  on  the  edge  of  the  canted 
rail.  These  tests  were  made  at  Sparrows  Point,  Md.,  at  the  works  of  the 
Maryland  Steel  Company,  who  kindly  furnished  all  the  material  and  facili- 
ties for  them,  and  were  made  especially  for  the  sub-committee  dealing  with 
rail  design.  For  these  tests  a  rail  was  taken  from  stock  and  six  pieces, 
each  18  inches  long,  were  cut  from  it  for  test  in  the  stationary  test  machine, 
and  six  similar  pieces  were  used  for  test  in  the  reciprocating  machine.  In 
order  to  have  the  material  as  uniform  as  possible  throughout  the  section 
and  in  the  different  pieces  a  C  rail  was  selected,  that  is,  the  third  rail  from 
the  top  of  the  rail  bar.  The  rail  was  a  90-pound  A.  R.  A.  type  B  section 
and  the  pieces  were  planed  down  to  thicknesses  of  head  at  the  side  of 
Y%  in.,  V2  in.,  Y%  in.,  -)4  in.,  J4  in.,  and  1  in.,  two  pieces  of  each  thickness,  one 
for  each  kind  of  test.  In  each  case  the  brand  side  of  the  head  of  the  rail, 
which  was  the  bottom  side  as  rolled,  was  planed  vertical  to  a  width  of  i-fV 
inch  from  the  center  line.  Fig.  1  shows  the  dimensions  of  the  section  used 
and  also  gives  diagrams  of  the  pieces  as  tested.  The  essential  dimensions 
of  the  head  of  the  pieces  tested  as  indicated  by  letters  A,  B  and  C,  on 
Fig.  1,  measured  as  shown  in  Table  1.  • 
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Fig.  i — Diagrams  of  Pieces  Tested, 
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TABLE   I — DIMENSIONS   OF  HEADS   AS  TESTED. 

Thickness  of  Head.  Width. 

Test  Nos.                                                  Edge          Center  Side  to  Center 

ABC 

I  and  2 1.02                1.26  1. 15 

3  and  4 91                1.15  1.18 

5  and  6 76                1.02  1.17 

7  and  8 62                  .86  1.15 

9  and  10 51                 .75  1.16 

11  and  12 38                 .64  1. 17 

Two  samples  were  taken  with  a  J^-inch  drill  for  analysis  from  a 
section  near  the  middle  of  the  length  of  the  rail,  one  close  to  the  upper 
corner  and  the  other  at  the  junction  of  the  head  and  the  web.  The  results 
of  the  analyses  are  shown  in  Ta"ble  2 : 

TABLE  2 — ANALYSES. 

Corner  of    Junction  of 
Head.  Head  and  Web. 

Carbon  538  .523 

Phosphorus 070  .070 

Sulphur 050  .055 

Manganese   81  .81 

Silicon    103  .103 

Copper  19  .18 

Nickel None.  None. 

Chromium "  " 

These  results  show  the  material  to  be  very  uniform. 
Tensile  tests  were  also  made  of  pieces  cut  from  near  the  middle  of  the 
rail,  two  pieces  y2  in.  diameter  and  2-in.  gage  length,  for  longitudinal  test 
from  the  center  of  the  head,  and  two  pieces  V2  in.  diameter  and  i-in.  gage 
length  for  transverse  test  across  the  center  of  the  head.  The  yield  point 
in  the  2-in.  pieces  was  determined  by  means  of  a  Capp's  multiplying  dividers. . 
The  results  of  the  tests  are  shown  in  Table  3 : 

TABLE   3 — TENSILE   TESTS. 

Yield  Point  Ten.  Strength  Elon-  Reduction 

lbs.  per  sq.  in.  lbs.  per  sq.  in.  gation.  of  Area. 

Longitudinal  a     51,000                111,600  16  29 

2-in.  gage  length.... b     52,700                111,500  16.5  29 

Average  51,850               110,550  16.3  29 

Transverse  a     110,200  6  7 

i-in.  gage  length b    _ 111,200  7  9 

Average 110,700  6.5  8 

These  results  show  material  of  good  ductility  longitudinally  and  the 
stretch  crosswise  of  the  head  shows  up  well  for  a  transverse  test. 
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STATIONARY   TESTS. 

The  arrangement  used  for  making  the  stationary  tests  is  shown  in  Fig. 
2  and  is  intended  to  represent  a  33-inch  car  wheel  resting  on  the  edge  of 
the  top  of  the  rail.  The  head  is  thus  tested  as  a  cantilever,  the  load  tending 
to  sag  the  head  locally  and  to  also  bend  the  web. 


Fig.  2 — Method  of  Stationary  Tests. 

The  load  was  applied  in  increments  of  10,000  lbs.  up  to  60,000  lbs. 
and  then  in  increments  of  20,000  lbs.  up  to  200,000  lbs.,  the  capacity  of 
the  test  machine.  The  sag  of  the  head  was  determined  by  measuring  the 
distance  by  means  of  dividers,  between  prick  punch  marks  placed  on  the 
side  of  the  head  near  the  bottom  and  on  the  base,  as  indicated  in  Fig.  2, 
the  load  being  on  while  taking  the  reading.  The  marks  on  the  base  were 
placed  about  one  inch  from  the  web,  by  gouging  some  of  the  metal  so  as  to 
have  a  vertical  surface  on  which  to  prick  punch  the  mark.  The  amount 
that  the  opposite  side  of  the  head  eievated  or  the  "lift"  was  determined  in 
a  similar  manner.     The  results  of  these  tests  are  shown  in  Table  4. 


TABLE    4- 

-STATIONARY    TESTS 

IN    TEST    MACHINE. 

Vs" 

Head. 

V2 

Head.  H" 

Head 

YA"  Head. 

H"B 

ead. 

1"  Head. 

Load. 

Sag 

Lift. 

Sag 

.  Lift. 

Sag 

.  Lift. 

Sag 

Lift. 

Sag.  Lift. 

Sag. 

Lift 

10,000 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.01 

.00 

.00 

20,000 

02 

.00 

.01 

.00 

.01 

.00 

.00 

.or 

.01 

02 

.00 

.00 

30,000 

05 

.00 

.02 

.01 

.02 

.00 

.01 

.01 

.01 

02 

.01 

.00 

40,000 

06 

.01 

•03 

.01 

.04 

.00 

.01 

.02 

.02 

02 

.02 

.01 

50,000 

08 

.01 

.04 

.01 

.06 

.01 

.02 

.02 

■  03 

03 

.02 

.01 

60,000 

09 

.02 

•  05 

.02 

.07 

.01 

•  03 

.02 

.04 

03 

■03 

.02 

80,000 

.06 

.02 

.10 

.02 

.04 

•03 

■05 

04 

.04 

.02 

100,000 

.07 

.02 

.  11 

•  03 

•05 

•03 

.06 

04 

.04 

.02 

120,000 

.08 

.02 

.12 

•  03 

.07 

•03 

.07 

04 

.05 

•  03 

140,000 

15 

•03 

.09 

.02 

•  13 

•03 

.08 

•03 

.08 

04 

•  05 

•03 

i6o,coo 

1/ 

•03 

.10 

.02 

•  14 

.04 

.08 

•03 

.08 

04 

.06 

•  03 

180,000 

20 

05 

.11 

.02 

•  15 

.04 

.09 

•03 

.09 

04 

.07 

•03 

200,000 

•  13 

.02 

.16 

.04 

.10 

.03 

.10 

03 

.08 

.02 
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These  results  iwe  plotted  in  Fig.  3,  in  which  the  load  is  plotted  against 
the  sag  of  head  for  each  thickness  of  head  tested.  The  5^-inch  head,  ac- 
cording to  these  curves,  gave  a  greater  sag  than  the  ^-inch  head.  Al- 
though this  is  according  to  the  measurements  obtained,  it  would  seem  to 
be  in  error,  clue  perhaps  partly  to  errors  of  measurement,  but  probably  also 
due  to  some  condition  I  cannot  account  for,  as  for  instance  application  of  the 
load. 
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0 
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STATIONARY     TESTS 
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^^ 
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^'head 
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I'HdAO 

< 

)* 

5Qooo#             IOO000*              I50.OOO** 

LOAD 

Fig.  3 — Sag  of  Head  in  Stationary  Tests. 


The  curves  show  that  a  load  of  10,000  lbs.  does  not  sag  the  head  with 
the  load  applied  to  the  edge  of  the  top  side,  with  any  thickness  down  to 
•)/8  inch,  and  probably  neither  does  a  load  of  20,000  lbs.,  although,  as  the 
load  was  on  when  the  measurement  was  taken,  we  cannot  say  how  much 
of  the  sag  was  elastic  and  how  much  permanent.  A  load  of  30,000  lbs. 
seems  to  cause  a  permanent  sag  with  the  jHs-inch  head,  but  not  much,  if 
any,  with  the  heads  of  greater  thickness.  It  had  been  hoped  to  determine 
by  these  tests  the  maximum  load  which  each  thickness  of  head  would 
carry,  but  it  is  now  clear  that  in  any  future  work  of  this  kind  the  measure- 
ments should  be  taken  after  releasing  each  load,  as  well  as  while  it  is  on, 
and  it  would  also  be  desirable  to  make  the  measurements  with  a  microm- 
eter reading  to  .001  inch.  With  these  changes  it  would  seem  that  this 
test  should  give  this  information  in  a  reasonably  satisfactory  manner. 

Fig.  4  gives  a  side  view  of  the  rails  after  test  to  show  the  sag  of  the 
head  under  a  load  of  200,000  lbs.,  and  Fig.  5  gives  a  top  view  to  show  the 
bearing  taken  under  this  load,  the  contact  surfaces  having  been  rubbed  over 
with  white  chalk  to  show  up  distinctly. 

It  is  interesting  to  note  in  this  connection  that  the  web  seemed  to  stand 
the  load  of  200,000  lbs.  successfully. 
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Fie.  4— Stationary  Test   With   Load  of  200,000  lbs. 
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Fig.   5 — Showing  Surfaces  of  Contact  After  Application  of  Load  of 

200,000  LBS. 
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ROLLING  TESTS. 

Tests  were  also  made  with  a  reciprocating  machine  in  which  a  piece 
of  rail  is  moved  back  and  forth  under  a  wheel  to  which  a  load  can  be  ap- 
plied by  means  of  a  system  of  levers.  A  diagram  of  the  machine  is  shown 
in  Fig.  6,  from  which  it  is  seen  that  the  rail  is  fastened  to  a  steel  bloom 
which  runs  on  rollers  running  on  another  steel  bloom  that  forms  the  bed 
of  the  machine.  The  rail  bed  is  connected  by  means  of  a  connecting  rod 
to  the  bed  plate  of  a  planer,  which  furnishes  the  power  to  run  the  rail 
machine.  The  weights  attached  to  the  weight  hanger  are  multiplied  600 
times  as  applied  to  the  axle  of  the  wheel,  and  in  these  tests  weights  of  50, 
100  and  150  lbs.  were  used,  so  that  the  wheel  loads  were  30,000,  60,000  and 
90,000  lbs.,  respectively.  A  piece  of  rail  18  inches  long  was  tilted  on  an  in- 
clined plane  of  1  in  10,  as  in  the  other  tests,  and  the  wheel,  loaded  with 
30,000  lbs.,  was  run  back  and  forth  over  a  length  of  about  10  inches  for  100 
double  strokes,  which  made  200  movements  of  the  loaded  wheel  over  the 
rail,  equivalent  to  a  50-car  train,  each  wheel  of  which  carried  a  load  of 
30,000  lbs.  This  is  equivalent  to  a  gross  car  weight  of  120  tons.  The  sag 
of  the  head  and  the  width  of  the  bearing  taken  by  the  wheel  were  then 
measured  with  no  load ;  the  load  was  then  increased  to  60,000  lbs.  and  the 
wheel  again  run  on  the  rail  as  before.  ■  The  measurements  were  again 
taken  and  a  final  test  made  with  a  load  of  90,000  lbs.  The  results  of  these 
tests  proved  to  be  interesting  and  fairly  definite,  and  I  show  them  in  Table  5. 

TABLE  5 — RESULTS  OF  ROLLING  TESTS. 

Thickness  Sag  of  Head.  Width  of  Bearing, 

of  Head.  30,000  lbs.  60,000  lbs.  90,000  lbs.  30,000  lbs.  60,000  lbs.  90,000  lbs. 
ti" 
V2" 
W 
%" 
W 

The  results  showing  the  relation  of  thickness  of  head  and  sag  of  head 
under  loads  of  30,000,  60,000  and  90,000  lbs.  are  plotted  in  Fig.  7.  It  will 
be  noted  that  30,000  lbs.  produces  no  sag  when  the  head  is  $/&  inch  or  over 
in  thickness.  With  60,000  lbs.  the  head  must  be  1  inch  or  over  in  thickness. 
All  the  samples  tested  sagged  under  90,000  lbs.,  but  by  extending  the 
curve,  it  seems  probable  that  a  head  \Y%  inches  thick  would  hold  up  a  rolling 
load  of  90,000  lbs.  when  concentrated  at  the  edge. 

Curves  showing  the  relation  of  the  thickness  of  head  to  the  width  of 
the  bearing  taken  by  the  rolling  wheel  are  shown  in  Fig.  8.  On  a  head 
that  does  not  sag,  under  the  conditions  of  these  tests  and  with  the  metal 
used,  the  bearing  formed  on  the  rail  by  a  rolling  wheel  loaded  with  30,000 
lbs.  becomes  about  .3  inch  wide,  and  with  60,000  lbs.,  about  .6  inch  wide. 
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ROLLING-   TEST-  LOAD  90,oooLbs. 


Fig.  9 — Rails  After  Rolling  Test  With  Load  of  90,000  lbs. 

After  the  rails  were  tested  they  were  cut  in  two  and  their  sections  are 
shown  in  comparison  with  tj^e  original  rail  section  in  Fig.  9. 

It  will  be  noted  that  the  rolling  load  of  90,000  lbs.  applied  at  the  edge 
of  the  head  produced  very  little  or  no  bending  of  the  web  with  the  section 
used,  which  was  a  90-lb.  A.  R.  A.  type  B,  with  a  thickness  of  17-32  inch 
at  the  middle. 


DROP  TESTS  OF  RAILS. 

EFFECT  OF  IMPACT  ENERGY  VARIOUSLY  DISTRIBUTED. 
By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

The  tests  described  in  this  report  were  made  to  compare  the  results 
of  a  given  amount  of  impact  energy,  variously  distributed,  as,  for  instance, 
in  one  blow,  and  the  same  foot-pounds  divided  among  several  blows ;  also, 
for  instance,  the  relative  effects  of  tups  of  different  weights,  but  with 
heights  adjusted  to  deliver  the  same  foot-pounds  of  impact.  The  tests 
were  made  at  Sparrows  Point,  Md.,  at  the  works  of  the  Maryland  Steel 
Co.,  who  kindly  furnished  all  the  facilities  and  material  for  the  work. 
The  standard  rail  drop  machine  was  used  with  a  io-ton  spring-supported 
anvil  and  supports  3  ft.  apart.  Two  tups  were  used,  one  the  standard  2,000- 
lb.  tup  and  the  other  a  special  tup  of  6,000  lbs.  An  A.  R.  A.  type  B,  90-lb. 
open-hearth  rail  was  taken  from  stock  and  in  order  to  have  the  various 
pieces  cut  from  the  rail  as  uniform  as  possible,  a  C  rail,  that  is,  the  third 
rail  from  the  top  of  the  rail  bar,  was  selected,  heat  number  5010.  A  piece 
18  inches  long  was  cut  from  the  top  end  of  the  rail  for  analyses  and  tensile 
tests  and  the  rest  of  the  rail  was  cut  into  lengths  of  4^2  ft.  for  drop  tests. 

Two  samples  were  taken  for  analysis  with  a  }4-in.  drill  lengthwise 
of  the  rail,  one  near  the  upper  corner  of  the  head  and  the  other  from 
the  interior  of  the  head  near  its  junction  with  the  web.  The  results  of 
these  analyses  are  shown  in  Table  1. 


TABLE  I — ANALYSES. 


Corner         Junction  Head 


Carbon   

Phosphorus  

Sulphur   

Manganese   

Silicon    

Copper   

Nickel  and   cobalt. 
Chromium    


Head. 

and  Web 

.718 

.679 

.014 

.015 

•033 

■037 

.68 

.68 

.064 

.066 

.09 

.09 

•31 

•30 

■21 

,19 
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These  results  show  uniform  chemistry  throughout  the  section,  except 
that  the  carbon  shows  about  .04  per  cent,  lower  in  the  interior  of  the  sec- 
tion than  the  outer  part. 

Samples  for  longitudinal  tensile  tests  were  taken  from  locations  similar 
to  those  used  for  the  chemical  samples,  duplicate  samples  being  taken  from 
each  location,  j^-in,  diameter  by  2-in.  gage  length.  Duplicate  samples 
were  also  taken  for  transverse  test  across  the  middle  of  the  head,  J^-in. 
diameter  by  i-in.  gage  length.  The  yield  point  in  the  pieces  with  2-in. 
gage  length  was  determined  by  means  of  a  Capp's  multiplying  dividers. 
The  results  of  the  tensile  tests  are  shown  in  Table  2. 

TABLE     2 — TENSILE    TESTS. 

Yield  Tensile  Reduction 

Point  lbs.  Strength  lbs.  Elongation    of  area 
per  sq.  in.      per  sq.  in.      per  cent,     per  cent. 

Longitudinal     6,3,500  131,000  13.5  23 

Corner  of  head   64,000  130,000  13  21 

Average    63,750  130,500  13.3  22 

Longitudinal   62,800  127,500  11  15 

Interior  of  head 64,500  127,500  12  18 

Average    63,650  127,500  11.5  16.5 

Transverse    129,300  5  6 

1 -in.  gage  length '       130,700  5  5 

Average    130,000  5  5.5 

These  results  show  fairly  uniform  material  of  good  ductility,  although 
the  interior  of  the  rail  seems  to  have  a  little  lower  tensile  strength  and  a 
little  less  ductility. 

DROP  TESTS. 

The  drop  tests  were  all  made  with  the  base  in  tension,  the  rail  being 
place  with  its  base  downward  on  supports  3  ft.  apart  with  radii  of  5  in. 
The  permanent  deflection  or  set  was  measured  both  on  the  top  side,  in- 
cluding the  depression  caused  by  the  tup,  with  a  striking  radius  of  5 
in.,  and  on  the  base  side,  which  latter  measurement  gave  only  the 
actual  permanent  bending  of  the  rail.  The  deflection  gage  used  is  shown  in 
Fig.  1,  which  was  copied  after  one  used  by  Mr.  J.  A.  Colby  in  tests  he  has 
made  for  Mr.  C.  S.  Churchill.  The  stretch  of  the  bottom  of  the  base 
was  measured  by  putting  gage  marks  one  inch  apart  over  a  distance  of 
6  in.  lengthwise  on  the  base.  The  stretch  of  each  inch  was  determined 
in  .01  in.  after  each  blow,  by  means  of  a  fine-pointed  toolmaker's  divid- 
ers and  a  steel  scale  reading  to  .02  in. 

Tests  were  made  with  'the  6,000-lb.  tup,  using  a  height  of  5  ft.,  with 
results  as  shown  in  Table  3.    By  mistake  the  first  blow  was  given  at  a 
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height  of  5  ft.  6  in.,  so  that  the  set  as  a  result  of  the  first  blow  was  about 
.IO  in.  too  great  and  probably  also  by  almost  this  amotnt  in  the  suc- 
ceeding blows.  The  stretch  of  the  metal  would  also  be  somewhat  greater 
on  this  account  than  if  a  blow  of  exactly  5  ft.  had  been  given. 

TABLE   3 — DROP    TEST — 6,00O-LB.    TUP    AT   5   FT. 


—Set- 

No.  of 

Head 

Base 

One- 

inch  marks  after  blow — 

Blows. 

Side. 

Side. 

1. 

2. 

3- 

4- 

'  5- 

6. 

i 

1.24 

1.18 

1.02 

1.03 

1.04 

1.04 

1.04 

1.03 

2 

2.09 

1.96 

1.04 

1.05 

1.08 

1.09 

1.09 

i. 06 

3 

2.92 

2.70 

1.06 

1.08 

"3 

1. 14 

1. 12 

1.08 

4 

37o 

3-39 

1.07 

•    1.09 

1.14 

1.17 

1.18 

1.14 

5 

Broke 

1.07 

1.09 

1.14 

1.19 

1.14 

No.  of 

Head 

Base 

Blows. 

Side. 

Side. 

1 

3.21 

2.96 

1 

3.17 

2.91 

Av. 

3-19 

2.94 

Two  tests  with  the  6,ooo-lb.  tup,  using  a  height  of  15  ft.  and  giving  one 
blow  in  each  case,  gave  results  shown  in  Table  4.    Neither  rail  was  broken. 

TABLE   4 — DROP   TESTS — 6,CO0-LB.   TUP   AT    15    FT. 

—Set— 

One-inch  marks  after  blow — — 

1.  2.  3.  4.  5.  6. 

1.08        1. 12        1. 16        1. 16        1. 12        1.08 
1.08        1. 12        1. 16        1. 15        1. 12        1.08 


One  test  was  made  with  the  6o,ooo-lb.  tup  giving  one  blow  at  5  ft.  and 
two  blows  at  10  ft.,  with  results  as  shown  in  Table  5. 

TABLE    5 — DROP   TESTS — 6,000-LB.    TUP    AT   5    FT.    AND    THEN    IO   FT. 

—Set- 
No.  of  Head    Base  One-inch  marks  after  blow 

Blows.   Height.  Side.      Side.         i.  2.  3.  4.  5.  6. 

1  5  ft.      1. 12        1.07  1.02        1.03        1.04        1.03        1.03        1.02 

2  10  ft.     3.03        2.80        1.06        1.10        1. 13         1. 15        1. 12        1.08 

3  10ft.     broke  1.11         1.19        1.15         .... 

One  test  was  made  with  the  6,000-lb.  tup  at  20  ft.,  but  the  rail  broke 
under  the  blow  and  of  course  the  set  could  not  be  determined. 

In  addition  to  the  above  tests  with  the  6,000-lb.  tup,  one  test  was  made 
with  the  standard  2,000-lb.  tup,  using  a  height  of  15  ft.,  with  the  results 
shown  in  Table  6. 
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TABLE  6 — DROP  TESTS — 2,000-LB.  TUP  AT    1 5   FT. 

—Set— 


No.  of 

Head 

Base 

— One 

-inch  marks  after 

blow — - 

Blows. 

Side. 

Side. 

1. 

2. 

3- 

4- 

5- 

6. 

I 

1. 14 

1. 10 

1.02 

1.03 

1.03 

1-05 

1.04 

1.04 

2 

2.06 

i-93 

1.02 

1.05 

1.05 

1.08 

1.08 

1.09 

3 

2.88 

2.70 

1.05 

1. 10 

1. 11 

1. 12 

1. 10 

1.09 

4 

373 

3-44 

1.06 

1. 11 

LIS 

1. 18 

1. 16 

1.13 

5 

broke 

1.08 

.  "5 

1. 19 

1.24 

1. 16 

In  order  to  compare  the  effect  of  the  same  impact  energy  delivered  in 
different  ways,  I  give  Table  7,  showing  the  set  of  the  under  side  of  the  rail 
for  different  energies  expressed  as  foot-tons,  one  foot-ton  being  the  energy 
of  2,000  lbs.  dropping  1  ft.  In  this  table  I  have  subtracted  .10  in.  from 
the  sets  shown  in  Table  3,  giving  the  results  with  the  6,000-lb.  tup  at  5-ft. 
blows,  on  account  of  the  extra  height  given  on  the  first  blow  by  mistake. 

TABLE  7— SETS   OF  UNDER  SIDE  OF  RAIL  IN   VARIOUS  TESTS. 

'Foot-Tons 

Test.  15.  30.  45.  60. 

6,000  lbs. —  5-ft.  blows 1.08"  1.86"  2.60"  3-29" 

2,000  lbs. — 15-ft.  blows 1. 10  1.93  2.70  3.44 

6,000  lbs. —  5  and  10  ft.  blows 1.07  ....  2.80  

6,000  lbs. — 15  ft.  blow ....  2.94  .... 

For  more  convenient  comparison  these  results  are  plotted  in  Fig.  2, 
in  which  the  foot-tons  are  shown  horizontally  and  the  set  of  the  under 
side  of  the  base  vertically.  It  will  be  noted  that  sets  caused  by  blows  ot 
15  foot-tons  each  are  about  the  same  with  the  2,000-lb.  and  the  6,000-lb. 
tups.  The  effect  with  the  lighter  tup  shows  a  trifle  greater,  but  whether 
there  is  actually  this  difference  or  whether  it  is  due  to  experimental  error, 
I  cannot  say.  For  any  present  purposes  of  our  Rail  Committee  we  may  say 
there  is  no  difference.  When,  however,  we  compare  the  set  produced  by 
45  foot-tons  delivered  in  one  blow  with  the  same  energy  divided  among 
three  blows,  the  set  seems  to  be  a  little  greater  when  the  energy  is  con- 
centrated in  one  blow.  Three  blows  of  the  6,000-lb.  tup  at  5  ft.  each  gave 
a  total  set  of  2.60  in.,  while  one  blow  at  15  ft.  gave  a  set  of  2.94  in. 
as  the  average  of  two  tests.  These  few  tests  are  not  sufficient  to  determine 
the  difference  with  precision,  but  it  may  be  said  that  the  set  caused  by 
three  blows  at  15  ft.  of  the  standard  2,000-lb.  tup  would  result  from  one 
blow  of  the  same  tup  at  a  few  feet  less  than  45  ft.  The  probable  explana- 
tion for  this  is  that  within  the  elastic  limit  some  of  the  impact  energy  is 
absorbed  which  does  not  cause  any  permanent  set,  and  this  has  to  be 
added  to  each  blow  before  permanent  deflection  results.     Possibly,  also, 
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the  speed  of  impact  has  an  influence.  In  calculating  the  height  of  drop 
which  would  be  just  sufficient  to  cause  fracture,  from  the  fracture  produced 
by  several  blows,  several  feet  would  have  to  be  subtracted  from  the  sum- 


Foot  -Tons 

Fig.  2. — Drop  Tests  With   Impact  Energy  Variously  Distributed. 

mation  of  the  several  blows.     This  is  the  question   for   which   the   tests 
were  mainly  made. 


PLOW  OF  RAIL  HEAD  UNDER  WHEEL  LOADS. 

By  M.    II.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

The  tests  covered  by  this  report  were  made  to  determine,  if  possible, 
what  change  is  made  in  the  microstructure  of  the  head  of  the  rail  by  the 
rolling  over  the  rail  of  heavy  wheel  loads.  At  the  same  time,  measure- 
ments were  made  of  the  spread  of  the  head  and  the  width  of  the  bearing 
produced.  The  tests  were  made  at  Sparrows  Point,  Md.,  at  the  works  of 
the  Maryland  Steel  Co.,  who  kindly  furnished  all  the  material  and  all  the 
shop  and  laboratory  facilities  to  make  them.  They  were  made  on  the 
reciprocating  machine  by  moving  a  piece  of  rail  back  and  forth  under  a 
loaded  cast  iron  car  wheel.  The  desire  was  to  simulate  rather  severe  serv- 
ice conditions,  and  a  light  thin  head  rail  was  used.  A  70-lb.  Bessemer  rail 
was  selected  from  stock,  and  in  order  to  have  material  fairly  uniform 
throughout  the  section  and  in  such  several  pieces  as  might  be  used  for 
test,  a  "D"  rail,  that  is.  the  fourth  rail  from  the  top  of  the  rail  bar,  was 
used,  heat  45.437  and  fourth  ingot  of  the  heat. 

Two  samples  were  taken  for  analysis,  with  a  J^-inch  drill,  lengthwise 
of  the  rail,  one  close  to  the  upper  corner  of  the  head  and  the  other  from 
ihe  interior  of  the  head  at  its  junction  with  the  web.  The  results  of  these 
analyses  are  shown  in  Table  1. 

TABLE    I ANALYSES. 

Corner  Junction  of 

of  head.  head  and  web. 

Carbon 432  .477 

Phosphorus     070  .068 

Sulphur     065  .062 

Manganese    1.00  1.02 

Silicon    115  .114 

Copper    15  .18 

Nickel   and   cobalt 43  .41 

Chromium     26  .2$ 
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These  results  show  uniform  composition  throughout  the  section,  except 
that  the  carbon  shows  .045  per  cent,  higher  in  the  interior  of  the  section. 

Samples  for  longitudinal  tensile  tests  were  taken  from  locations  simi- 
lar to  those  used  for  the  chemical  samples,  duplicate  samples  being  taken 
from  each  location,  J^-in.  diameter  by  2-in.  gage  length.  Duplicate  sam- 
ples were  also  taken  for  transverse  test  across  the  middle  of  the  head, 
J/2-in.  diameter  by  i-in.  gage  length.  The  yield  point  in  the  pieces  with  2-in. 
gage  length  was  determined  by  means  of  a  Capp's  multiplying  dividers. 
The  results  of  the  tensile  tests  are  shown  in  Table  2. 

TABLE  2 — TENSILE  TESTS. 

Yield  Point    Tensile  Strength 
lbs.  per  sq.  in.       lbs.  per  sq.  in. 

Longitudinal    60,200  116,000 

Corner  of  head...     62,800        "       125,000 
Average    61,500  120,500 

Longitudinal    63,700  116,500 

Interior   of   head..     59,300  118,000 

Average    ......     61,500  117,250 

Transverse    

i-in.  gage  length 106,000 

Average    

These  results  show  uniform  tensile  properties  throughout  the  head. 
One  longitudinal  test  representing  the  corner  of  the  head  shows  a  consid- 
erably higher  tensile  strength  than  the  other  longitudinal  tests,  but,  judg- 
ing from  all  the  other  tensile  results,  it  would  seem  that  this  result  must 
be  in  error. 

ROLLING  TESTS. 

Rolling  tests  were  made  with  a  reciprocating  machine  in  which  a 
piece  of  rail  is  moved  back  and  forth  under  a  wheel  to  which  a  load  can 
be  applied  by  means  of  levers.  A  diagram  of  the  machine  is  shown  in 
Fig.  1,  from  which  it  is  seen  that  the  rail  is  fastened  to  a  steel  bloom 
which  runs  on  rollers  running  on  another  steel  bloom  that  forms  the  bed 
of  the  machine.  The  rail  bed  is  connected  by  means  of  a  connecting  rod 
to  the  bed  plate  of  a  planer,  which  furnishes  the  power  to  run  the  rail 
machine.  The  weights  applied  to  the  weight  hanger  are  multiplied  600 
times,  as  applied  to  the  axle  of  the  wheel.  The  piece  of  rail  tested  was 
12  ins.  long,  which  was  set  up  between  two  other  similar  pieces,  which 
acted  as  end  pieces  onto  which  the  wheel  could  roll  when  leaving  the 
piece  under  test.  The  piece  tested  had  the  sides  of  the  head  planed  verti- 
cal to  a  width  of  head  of  2  ins.  This  width  was  used  partly  to  accentuate 
the  test  and  partly  to  do  away  with  the  rounded  corner,  so  as  to  allow  of 
measuring  the  width  closer  to  the  top  of  the  head,  and  the  sides  were 
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made  vertical  so  the  measurements  could  be  made  satisfactorily  with  a 
micrometer  along  the  whole  depth. of  the  head.  The  section  of  the  orig- 
inal rail  and  as  tested  are  shown  in  Fig.  2.  Before  testing  the  width  of 
the  head  was  determined  at  the  top,  at  the  bottom  and  halfway  between, 
both  at  the  middle  of  the  piece  tested  and  at  one  end,  by  means  of  a 
micrometer.  To  determine  the  sag  of  the  head,  two  prick  punch  marks 
were  put  on  each  side  of  the  rail  at  the  middle  of  its  length,  one  on  the 
side  of  the  head  near  its  bottom  and  the  other  on  the  top  side  of  the  base, 


Fig.  2— Section  of  Rail  Tested. 


about  54  in.  from  the  web.  In  order  to  have  a  vertical  side  on  which  to 
prick  punch  the  mark,  the  base  was  gouged  at  the  desired  place.  The 
distance  between  the  marks  was  measured  in  .01  in.  by  means  of  a  fine- 
pointed  toolmaker's  dividers  and  a  steel  scale  reading  to  .02  in. 

The  test  was  started  with  a  load  of  30,000  lbs.  applied  to  the  wheel, 
using  i,eoo  double  strokes  or  2,000  rollings  of  the  wheel  over  the  rail 
under  test.  The  bearing  assumed  a  width  of  .64  in.  The  only  effect  on 
the  width  of  head  was  -to  spread  the  top  of  the  head  .002  in.,  and  the  load 
was -therefore  increased  at  once  to  60,000  lbs.  and  the  test  continued  until 
the  head  seemed  to  no  longer  spread  as  measured  with  the  micrometer. 
The  width  of  the  head  of  the  rail  and  the  width  of  the  wheel  bearing  on 
the  rail,  at  various  stages  of  the  test  under  the  load  of  60,000  lbs,,   are 
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shown  in  Table  3.  The  spread  of  the  top  part  of  the  head  and  the  width 
of  bearing  in  this  table  includes  also  the  effect  of  the  preliminary  rolling 
of  2,000  wheel  applications  with  30,000  lbs.  The  head  did  not  show  any 
sag  throughout  the  test. 


TABLE 

3 — ROLLING  TESTS 

WITH   LOAD 

OF  6o,OOC 

»  LBS. 

Spread  of  Head. 

Middle  of  rail. 

End  of  rail. 

Wheel 

Width  of 

Top  of 

Middle 

Bottom 

Top  of 

Middle 

Bottom 

Pollings. 

bearing. 

head. 

of  head. 

of  head. 

head. 

of  head. 

of  head. 

200 

.92 

.002 

.000 

.000 

.004 

.002 

.000 

2,000 

.92 

.009 

003 

.000 

.006 

.002 

.000 

4,000 

•94 

.010 

.004 

.001 

.006 

.002 

.000 

23,460 

1.02 

.013 

.006 

.001 

.008 

.003 

.000 

32,142 

1.04 

.013 

.006 

.001 

.008 

003 

.000 

It  should  be  remarked  that  the  wheel  was  beveled  some,  and  the 
bearing  was  therefore  on  one  side  of  the  top  of  the  head,  remaining 
throughout  about  .2  in.  from  one  side  and  increasing  in  width  toward  the 
other  side. 

The  results  showing  the  spread  of  the  head  are  plotted  in  Fig.  3,  the 


ll 

015 

O 
<X 
UJ 
3C 
010 

LL 
O 

O 
5.005 

K 

0- 

ROLLING    TEST  -  60,000  LBS.  LOAD 

rUOOLE  o»RAll_ 

END                    •• 

— V~" 

E 

Top   of    Head 

/ ■ 

""             \ 

Bottom  of  HtAO\ 

MlODLt/Of    He.  AD 

(^ 

* 

c 

1                                lO,ooo                         20,000                         30,000 

WHEEL         ROLLINGS 

Fig.  3 — Rolling  Test  Showing  Spread  of  Head. 

number  of  rollings  being  shown  horizontally  and  the  spread  of  the  head 
vertically  in  .001  in.  Between  rollings  4,000  and  23,460  the  machine  was 
run  during  the  night,  without  readings  being  taken,  and  therefore  the 
curves  between  these  points  undoubtedly  show  flatter  than  they  should. 
It  will  be  noted  that  the  top  of  the  head  finally  spread  .013  in.  at  the 
middle  of  the  piece  tested  which  was  6  ins.  from  the  end,  and  at  the  end  of 
the  rail  it  spread  .008  in.    This  difference  of  a  less  spread  at  the  end  was 
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unexpected,  but  it  remains  for  future  tests  to  determine  what  the  normal 
relationship  is  between  the  body  of  the  rail  and  the  end  as  regards  spread- 
ing. It  is  also  interesting  to  note  that  the  end  spread  more  in  the  first  few 
rollings.  At  the  middle  of  the  depth  of  the  head,  the  spread  was  a  little 
less  than  half  what  it  was  at  the  top,  it  being  here  also  less  at  the  end  than 
at  the  middle  of  the  rail.  At  the  bottom  of  the  head,  which  was  a  little 
over  i  in.  thick,  the  spread  seems  to  have  been  just  perceptible  at  the 
middle  of  the  rail,  the  increase  showing  .001  in.,  but  no  spread  could  be 
detected  at  the  end  of  the  rail.  These  results  indicate  that  although  the 
spread  is  greatest  at  the  top  of  the  head,  the  lateral  extension  occurs 
through  almost  or  quite  the  whole  depth  of  the  head.  It  is  also  seen  that 
under  the  conditions  of  this  test  and  with  the  load  and  material  used,  about 
.8  of  the  maximum  result  was  produced  by  the  first  5,000  rollings,  and 
almost  the  maximum  by  the  first  10,000  rollings.  The  22,000  rollings  beyond 
this  produced  but  little  additional. spreading  of  the  head. 

MICROSCOPIC  TESTS. 

Microscopic  examination  was  made  of  the  rail  at  the  top  of  the  head 
and  at  the  center  of  the  head,  both  before  rolling  and  after  rolling.  Before 
rolling  a  section  about   %   in.  thick  was  taken  from  near  the  rail  to  be 


Fig.  4 — Pieces  for  Microscopic  Tests. 

tested  and  two  pieces  cut  from  it  for  microscopic  test,  as  shown  in  Fig.  4. 
After  rolling,  a  }4-in.  section  was  cut  from  the  middle  of  the  rail  tested 
and  similar  small  pieces  were  cut  from  it  for  microscopic  test.  These 
pieces  were  polished  on  three  sides,  etched  with  10%  solution  of  nitric  acid 
in  alcohol  and  microphotographs   made,   magnified   50  diameters.     Thus, 
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horizontal,  vertical  transverse  and  vertical  longitudinal  sections  were  ob- 
tained at  the  top  and  at  the  center  of  the  head  both  before  and  after  rolling. 
The  twelve  microphotographs  are  shown  in  Figs.  5  to  16,  inclusive.  In  gen- 
eral, it  may  be  said  that  the  pictures  indicate  a  slight  stratification  of  the 
grains  in  a  longitudinal  direction,  but  there  is  little,  if  any,  difference  be- 
tween the  specimens  before  rolling  and  after  rolling.  The  material  tested 
was  good  ductile  material  of  medium  hardness  for  rail  steel,  and  as  the 
maximum  lateral  stretch  at  the  top  of  the  head  was  only  .013  in.,  much 
difference  in  the  miscrostructure  could  hardly  be  expected.  The  two  views 
giving  top  views  of  the  material  at  the  top  of  the  head  show  a  much  finer 
structure  than  the  others  and  also  show  a  larger  area  of  the  white  ferrite 
web  work,  showing  lower  carbon  right  at  the  surface. 

One  purpose  in  making  these  tests  was  to  standardize  the,  reciprocating 
test,  if  possible,  so  as  to  be  able  to  compare  different  materials  under  the 
standard  conditions  of  test,  and  to  be  able  to  compare  the  results  of  tests 
made  at  different  times.  The  Sub-Committee  on  Tests  would  therefore 
be  very  pleased  to  receive  suggestions  toward  this  end. 
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pIG   5. — Top  View  at  Top  of  Head,  Before  Rolling. 


Fig.  6. — Tor  View  at  Top  of  Head,    After  Rolling. 
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Fig.  7. — Top  View  at  Center  of  Head,  Before  Rolling. 


Fig.  8. — Top  View  at  Center  of  Head,  After  Rolling. 
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Fig.  9. — Side  View  at  Top  of  Head,  Before  Rolling. 


Fig.  10. — Side  View  at  Top  of  Head,  After  Rolling. 
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Fig.  ii.— Side  View  at  Center  of  Head,  Before  Rolling. 


Fig.  12".— Side  View  at  Center  of  Head,  After  Rolling. 
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Fig.  13. — Transverse  View  at  Top  of  Head,  Before  Rolling. 


Fig.  14. — Transverse  View  at  Top  of  Head,  After  Rolling. 
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Fig.  15. — Transverse  View  at  Center  of  Head,  Before  Rolling. 
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Fti  16. — Transverse  View  at  Center  of  Head,  After  Rolling. 
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DUCTILITY  TESTS  OF  RAILS 

UNDER  SPECIFICATIONS  OF  THE  NEW  YORK  CENTRAL 

LINES. 

By  Dr.  P.  H.  Dubley,  Consulting  Engineer. 

I  am  enclosing  herewith  tests  of  four  different  melts  of  open-hearth 
steel  rails,  ioo-lb.  Dudley  6-in.  section,  made  in  accordance  with  the 
specifications  for  the  New  York  Central  Lines.  These  specifications 
require  that  three  separate  butts  of  each  melt,  one  taken  from  the 
second,  the  tenth  and  the  ingot  before  the  last,  that  the  maxi- 
mum elongation  per  inch  of  each  must  show  six  per  cent.  (6%), 
or  two  consecutive  inches  five  per  cent.  (5%),  each  under  the  20- 
ft.  drop.  Should  all  of  the  butts  break,  yet  each  give  the  required  elonga- 
tion, the  melt  would  be  accepted,  but  should  a  single  butt  break  without 
giving  the  specified  elongation   the  melt   would   be    rejected. 

The  butts  before  testing  under  the  drop  are  stamped  upon  the  base 
with  a  spacing  bar  of  seven  conical  points,  which  gives  six  i-in.  spaces. 
These  are  measured  after  the  drop  test  by  a  flexible  steel  rute  divided 
into  one-hundredths  of  an  inch.  The  increase  in  hundredths  of  an  inch 
per  inch  of  the  original  spaces  gives  the  percentage  of  elongation  for  a 
single  blow.  To  exhaust  the  entire  ductility  of  the  steel  two  or  more 
blows  are  usually  required  to  break  the   section. 

The  first  melt  shown  on  the  enclosed  tests,  dated  11-9-10 — No. 
B-21596,  covered  26  ingots  and  104  rails.  The  butt,  top  crop,  twenty- 
fifth  ingot,  the  permanent  set  under  the  drop  of  2,000  pounds  falling 
20  ft.  was  1.25  in.,  and  three  consecutive  inches  gave  an  elongation  of 
five  per  cent  (5%),  the  total  for  the  6  in.  being  .25  of  an  inch. 

The  second  test,  melt  No.  B-21596,  butt  11-2,  top  crop,  second  ingot, 
the  permanent  set  was  1.20  in.  and  the  two  consecutive  inches  gave  the 
five  per  cent.    (5%)   elongation. 

The  third  test,  melt  No.  B-21595,  butt  X-3,  top  crop,  tenth  ingot,  the 
permanent  set  was  1.20  in.  with  two  consecutive  inches,  giving  five  per 
cent.  (5%)  elongation  under  a  single  blow.  The  ductility  of  that  butt 
was  completely  exhausted,  the  maximum  inch  breaking  at  seventeen 
per  cent.  (17%).     The  carbon  by  combustion  was  0.692. 
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The  next  melt,  No.  B-15557,  covered  19  ingots  and  76  rails.  The 
butt  from  the  second  ingot,  11-3,  was  used  to  exhaust  the  ductility  of 
the  melt.  Two  inches  gave  eighteen  per  cent.  (18%).  The  carbon  was 
0.632,  slightly  lower  than  the  first   melt  mentioned. 

The  next  melt,  No.  B-14719,  covered  25  ingots  and  100  rails,  the  car- 
bon being  the  same  as  the  preceding  melt  with  lower  manganese,  and  was 
rolled  colder  than  the  preceding  melts,  or  colder  than  the  general  aver- 
age. The  first  butt  tested,  which  was  from  the  last  but  one  of  the  ingots 
poured  from  the  melt,  gave  the  required  elongation,  but  broke.  The  tenth 
ingot,  X-2,  gave  the  required  elongation.  The  third  butt  from  the  second 
ingot,  with  a  permanent  set  of  1.30  in.,  gave  a  trifle  more  than  the  required 
ductility,  but  broke  on  the  second  blow  without  increasing  the  maximum 
elongation.  The  melt  just  met  the  requirements  of  ductility  to  be 
accepted. 

The  melt  rolled  11 -3-10,  No.  B- 16653,  the  butt  broke  with  a  limited 
permanent  set,  only  giving  two  per  cent.  (2%)  elongation  per  inch  for 
4  in.  This  was  of  itself  sufficient  to  reject  the  melt.  The  second  butt 
only  gave  five  per  cent.  (5%)  elongation  in  a  single  inch,  having  a 
permanent  set  of  1.05  in.  The  third  butt  with  a  permanent  set  of  1.10 
in.  gave  1  in.  of  5  per  cent,  elongation,  and  upon  the  second  blow  it  was 
not  increased,  but  broke. 

This  steel,  rolled  in  five-rail  lengths,  occupied  so  much  time  in  passing 
through  the  rolls  that  it  became  too  cold  for  proper  working,  and  it 
was  found  necessary  to  reduce  the  ingots  to  four-rail  lengths  to  insure 
that,  with  the  number  of  passes  and  direct  rolling  from  the  ingot,  the 
ductility  of  the  steel  of  12  to  18  per  cent,  provided  by  the  composition 
would  not  be  reduced  under  5  per  cent,  in  two  consecutive  inches  and 
cause  the  melt's  rejection.  After  the  ingots  were  poured  in  four-rail 
lengths,  the  time  for  roughing  and  finishing  the  bar  was  reduced  about 
two  minutes,  with  such  a  gain  in  ductility  of  the  metal  that  afterwards 
out  of  about  one  hundred  and  eighty  melts  only  one  was  rejected.  These 
results  have  been  confirmed  by  another  manufacturer,  who  rolls  open- 
hearth  rails  direct,  and  found  that  he  must  make  a  considerable  reduction 
in  the  carbon  from  that  expected  to  retain  the  required  ductility  of  the 
steel  as  a  girder. 

The  rolling  of  these  rails  was  started  two  days  earlier  than  first 
arranged,  and,  owing  to  prior  engagements,  I  was  not  able  to  be  present 
personally  until  the  third  day.  It  required  only  a  few  moments  to  ascer- 
tain the  causes  of  the  reduced  ductility,  viz. :  slightly  higher  carbon,  as 
shown  by  the  combustion  tests,  than  the  color  tests  indicated,  and  cold 
rolling,  but  by  correcting  those  conditions  in  accordance  with  the  follow- 
ing clause  in  the  specifications  the  normal  ductility  in  the  rails  was 
obtained : 

"To  adjust  the  chemical  composition  to  the  special  conditions  of 
manufacture  at  each  mill  the  engineer  representing  the  railroad  com- 
pany,   from    the    inspection    of    the    ingots,    their    heating,    blooming    and 
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rolling  into  rails,  shall  have  the  right  to  select  the  lower  or  average  limit 
of, either  the  silicon  or  manganese,  or  both,  with  the  average  carbon 
content  as  the  working  basis  for  making  the  steel,  as  he  may  find  requisite 
for  good  setting  ingots  with  freedom  'from  pipes  and  rolling  into  tough 
steel  by  the  plant  of  the  manufacturer." 

This  experience  leads  me  to  the  conclusion  that  all  carbon  deter- 
minations for  melts  of  open-hearth  rails  should  be  made  by  combustion 
rather  than  by  color  tests. 

The  requirements  of  most  specifications  that  the  steel  shall  pass  after 
a  single  drop  test  without  any  measurements  of  the  elongation  does  not 
give  sufficient  definite  information  as  to  the  average  ductility  of  the 
metal  to  be  of  the  greatest  value  in  manufacture.  It  should  be  exhausted 
in  the  section  by  one  or  more  blows  of  the  drop  to  determine  its  minimum 
or  maximum  values. 

Rail  butts  often  shear  near  the  supports  after  giving  4  or  5  per  cent, 
ductility,  and  can  as  safely  be  accepted  as  those  rails  which  pass  a  drop 
yet  break  in  the  center  upon  the  second  blow,  but  do  not  give  additional 
elongation. 

Nearly  600,000  tons  of  Bessemer  0.06  low-phosphorus  rails  with  0.60 
to  0.65  carbon  were  made  under  specifications  which  stated  that  ninety 
per  cent.  (90%)  of  the  butts  should  stand  a  drop  test  of  2,000  pounds 
falling  20  ft,  and  that  any  of  the  butts  which  broke  but  gave  four  per 
cent.  (4%)  elongation,  the  heats  would  be  accepted.  Those  rails  did  not 
subsequently  break  in  the  track. 

Rails  with  phosphorus  0.10  and  carbon  only  0.50  it  is  necessary  now 
for  high-speed  service  under  low  temperatures  to  increase  the  average 
percentage  of  elongation  by  at  least  1  or  2  per  cent.  The  present  accept- 
ance of  rails  from  a  single  blow  of  the  drop  means  for  the  100-pound 
sections  for  a  deflection  of  1.3  to  1.5  of  an  inch  that  the  maximum  ductility 
of  many  of  those  heats  would  not  exceed  six  per  cent.  (6%)  per  inch, 
and  a  specification  which  would  accept  a  few  heats  which  broke  at  five 
per  cent.  (5%)  elongation,  but  exhausted  the  ductility  in  many  of  them 
to  ascertain  its  general  range,  would  be  better  for  requisite  information 
in  the  manufacture  of  rails  than  the  specifications  which  control  only  by 
the  single  drop  test. 

The  photomicrographs  of  some  of  the  cold  rolled  rails  of  only  0.70 
in  carbon  show  that  the  ferrite  is  all  absorbed,  and  the  perlite  is  without 
the  least  orientation  by  lines  of  ferrite,  but  with  higher  carbon  cementite 
surrounds  the  perlite. 

The  advantage  of  knowing  the  ductility  of  the  steel  as  soon  as 
manufactured  can  be  utilized  to  guard  and  control  the  subsequent  daily 
fabrication,  either  as  to  chemical  composition  or  the  heating  and   rolling. 

The  fact  now  is  understood  that  rolling  open-hearth  rails  direct  from 
the  ingot,  the  carbon  in  the  chemical  composition  cannot  be  as  high  as 
can  be  used  by  mills  which  bloom  the  ingots,  then  reheat  to  finish  the 
raib. 
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Specifications  for  open-hearth  rails  should  permit  sufficient  range  in 
the  chemical  composition  for  the  various  sizes  of  the  ingots  and  the 
difference  in  rolling,  whether  direct  or  the  blooms  are  reheated. 

INFLUENCE   OF    COLD   ROLLING    ILLUSTRATED. 

Very  few  photomicrographs  of  open-hearth  rails,  in  which  the  low 
content  of  carbon  has  reached  the  saturation  point  for  the  chemical 
composition  as  influenced  by  cold  rolling,  have  been  published.  Four 
such  photomicrographs  of  open-hearth  and  two  of  Bessemer  cold  rolled 
rails  which  have  a  limited  ductility  are  herein  presented  with  the  follow- 
ing descriptions : 

Open-Hearth,  6-in.  ioo-lb  Rail,  Dudley  Section,  Half-Moon  or  Cres- 
ent  Break : 

This  rail  was  rolled  cold  and  the  test  of  the  B.  crop,  20  per  cent, 
discard,  had  a  ductility  of  only  5  to  6  per  cent,  per  inch  under  the  drop, 
while  the  fractured  rail  is  less.  Carbon  0.68,  Manganese  0.72,  Phos- 
phorus 0.02  and  Silicon  0.15.  The  steel  with  this  amount  of  carbon  was 
completely  saturated  and  structure  is  all  perlitic.  No  free  ferrite  is 
shown.  A  few  of  the  white,  sharp  points  are  possibly  cementite.  The 
melt  was  rolled  7-1909. 

A  photomicrograph  of  a  transverse  and  a  longitudinal  section  is 
shown  of  the  metal  near  the  edge  of  the  flange.  Fig.  1  is  the  transverse 
view,  and  Fig.  2  the  longitudinal.  Fig.  3  is  a  photomicrograph  of  the 
transverse  section  near  the  center  of  the  base  of  the  rail.  Fig.  4  is  a 
longitudinal  section  in  the  same  locality.  These  both  also  show  a  perlitic 
structure,  but  with  a  lesser  portion  of  dark  areas  than  Figs.  1  and  2. 

Plain  Bessemer,  80-lb.  S^g-in.  Dudley  Section,  Heat  No.  6575-C: 

Carbon  0.50,  Manganese  0.95,  Phosphorus  0.097,  and  Silicon  0.13. 
Fig.  5  is  a  photomicrograph  of  the  edge  of  the  flange  of  a  transverse 
section,  rolled  cold.  Fig.  6  is  a  photomicrograph  of  the  longitudinal 
section  from  the  same  location.  Four  rails  broke  from  this  heat,  "A," 
"B,"  "C"  and  "D."  These  rails  were  rolled  in  a  four-length  ingot,  and 
the  photomicrograph?  were  made  from  the  "C"   rail. 

The  ferrite  is  abundant  in  the  structure,  but  without  distinctly  enclos- 
ing the  .perlite  grains.  The  fracture  is  vitreous  and  fragile  in  low 
temperatures.  The  number  of  grains  at  the  center  of  the  base  of  the 
rail  ranged  from  8o,oco  to  100,000  per  square  inch. 
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ELONGATION  AND  DUCTILITY  TESTS  UNDER  THE  DROP. 


Melt  No. 

1 
No.  of  No.  of 
Ingots  Rails 

Perm. 
Set 

Elongation  per  Inch 

Date 

12           3           4           5 

6 

Total 

Remarks 

11-9-10 
Chemical 

Composition: 

C.  .69 

2,  Mn. 

1.03, 

Ph.    0  32,  Su  1.  .043  ,  Si.  .1  26. 

Xl-1 
H-2 
X-3 
"<t 

B-21596 
B-21596 
B-21596 
B-21596 
B-21596 
B-21596 

26 

101        1.25 
1.20 
1.20 
2.15 
3.00 
Broke 

1.04      1.05  ;   1.05 
1.04  !   1.05  ■   1.05 
1.02      1.05  '   1.05 
1.06      1.07  |  1.08 
1.08      1.10  '   1.14 
1.08      1.12      1.16 

105      1.04 

1.03  ,   1.03 

1.04  1.04 
1.08  i   1.07 
1.16      1.12 
1  17      1.13 

1.02 
1.02 
1  03 
1.06 
1.08 
1  09 

6.25 
6.22 
6.23 
6.44 
6.68 
6.75 

Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 

11-9-10 

Chemical 

Composition: 

C.  .63 

2,  Mn. 

1.02, 

Ph.  .020,  Su 

1.  .040,  Si    .174. 

Xl-1 
X-2 
11-3 

B-15557 
B-15557 
B-15557 
B-15557 
B-15557 
B-15557 

19 

76 

1.25 
1.20 
1.20 
2.10 
3.00 
Broke 

1.04      1.05 
1.04  !   1.05 
1.03  ■  1.05 
1.10  !  1.10 

1.14  |  1.17 

1.15  1.18 

1.05 
1.05 
1.05 
1.09 
1.16 
1.18 

1.05      1.04 

1.04  1.03 

1.05  ,  1.04 
1.08  1  1.05 
1.10  1  1.06 
1.12      1.07 

1.03 
1.02 
1.03 
1.03 
1.04 
1.05 

6.26 
6.23 
6.25 
6.45 
6.67 
6.75 

Ace. 
Ace. 
Ace. 
Ace. 
Ace. 
Ace. 

i 1-9-10 
Chemical 

Composition: 

C.  .63 

2,  Mn. 

.88, 

Ph.  .0 

31,  Su 

1.  .041 

,Si.  .1 

04. 

Xl-1 
X-2 
11-3 

B-14719 

B-14719 
B-14719 
B-14719 

25 

100 

Broke 
1.30 
1.30 

Broke 

1.04 
1.04 
1.04 
1.04 

1.05 
1.06 
1.05 
1.05 

1.06 
1.05 
1.06 
1.06 

1.04 
1.05 
1.06 
1.06 

1.05 
1.04 
1.04 
1.05 

1.03 
1.02 
1.03 
1.04 

6.27 

6.26 
6.28 
6.30 

Ace. 
Ace. 
Ace. 
Ace. 

11-3-10 

Chemical 

Composition: 

C.  .75 

0,   Mn 

.  1.02, 

Ph.  . 

020,  S 

ul    .03 

0,  Si.  .153. 

1 

2 
3 

B-16653 
B-16653 
B-16653 
B-16653 

Broke 
1.05 
1.10 

Broke 

1.01 
1.02 
1.02 
1.02 

1.02 
1.04 
1.04 
1.04 

1.02 
1.05 
1.04 
1.04 

1.02  '  1.02 

1.04  ;   1.04 

1.05  i  1.04 
1.05  !  1.04 

1.01 
1.03 
1.02 
1.02 

6.10 
6.22 
6.21 
6.21 

Rej. 
Rei. 

m. 

Rej. 
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Fig.  i. 


Fig.  2-. 
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Fig.  3. 


Fig.  4. 
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Fig.  5. 


Fig.  6. 
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American  Railway  Association.  Type  A   Standard  Rail   Sections,   143.   153. 

168. 
American   Railway  Association,  Type   B    Standard  Rail   Section,    144,   154, 

169. 
American    Society   Civil   Engineers,  Standard   Rail    Section,    145,    155,    164, 

170,  179. 
American  Steel  Rail  Mill  Practice,  16. 
Appendices  to  Report  on  Rail,  list  of,  19. 
Atchison,  Topeka  &  Santa  Fe  Standard  Rail  Section,  156,  165. 

B 

Bending  Tests,  410-412.  424-427.  445-447.  465-468. 

Bessemer  Rails,  tests  of,  387-398.  413-427.  448-468. 

Bessemer  Steel,  analysis  of  a  complete  heat,  15. 

Bethlehem  Ste.d  Company  85-lb.  O-H.  Rails,  drop  tests  on.  207-212. 

Borings,  standard  location,  for  chemical  analyses  and  tensile  test  pieces,  14. 

Boston  &  Albany  Standard  Rail  Section,  151,  183. 

Boston  &  Maine  Standard  Rail  Section,  178. 


Canadian  Pacific  Standard  Rail  Section,  166,  182. 

Carbon  and  Deflection  of  Rails  in  Drop  Test,  222-229. 

Carnegie  Steel  Company  85-lb.  O.-H.  Rails,  drop  tests  on,  190-195. 

Central  Railroad  of  New  Jersey  Rail  Section,  177,  185,  186. 

Chemical  Analyses,  196,  202,  206,  207.  212.  213,  216,  220.  221,  397,  401,  402, 

415-417,  43-2-434- 
Chicago,  Burlington  &  Quincy,  Standard  Rail  Section.   160. 
Comparison  Between  Different  Sections  of  Rail,  95-101. 
Comparison  Between  Different  Weights  of  Rail,  92-94. 
Comparison  of  Failures  of  Various  Sections  at  Different  Lengths  of  Life. 

102-104. 
Comparative  Wear  of  Special  Rail,  record  of,  135-142. 


Deflection  and  Carbon  of  Rails  in  Drop  Test.  222-229. 
Deflection  Formula,  228,  229. 

Delaware.  Lackawanna  &  Western  Standard  Rail  Section,  152. 
Drilling  for  Rails,  standard,  13. 
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Drop  Test  of  Rails,  effect  of  impact  energy  variously  distributed,  529-534. 
Drop  Tests  of  Rails,  deflection,  elongation  and  compression,  188-227. 
Drop  Tests  and  Surface  Inspection  of  Rails,  form  for  reporting  results, 

insert,  pp.  14,  15. 
Ductility  Tests  of  Rails,  548-555- 
Dudley  Rail  Sections,  146,  163,  171,  186. 


Erie  Standard  Rail  Section,  172,  174,  184,  187. 
Experiments  and  Tests,  11,  385-547. 

F 

Failed  Rails,  a  study  of,  230-384. 

Flow  of  Rail  Head  Under  Wheel  Loads,  535-547. 

G 

Great  Northern  Standard  Rail  Section,  159,  167,  175. 


Harriman  Lines  Standard  kail  Section,  153,  180. 

Head,  Strength  of  Rail,  518-528. 

Hocking  Valley  Standard  Rail  Section,  173. 

I 

Illinois  Steel  Company  85-lb.  O.-H.  Rails,  drop  tests  on,  216-220. 


Maryland  Steel  Company  85-lb.  O.-H.  Rails,  drop  tests  on,  213-215. 
Microscopic  Tests,  488-492,  540,  541. 
Mill  Practice,  American  steel  rail,  16. 

N 

New  York,  New  Haven  &  Hartford  Rail  Section,  149,  157.  176. 
Northern  Pacific  Standard  Rail  Section,  181. 

O 

Open-Hearth  Rails,  tests  on,  428-447. 
Open-Hearth  Steel  Rails,  drop  tests  on,  188-227. 

P 

Pennsylvania  Railroad  P.  S.  Rail  Section,  147,  162. 

Pennsylvania  Railroad  Standard  Rail  Section,  148,  161. 

Pennsylvania  Steel  Company  85-lb.  O.-H.  Rails,  drop  tests  on,  196-201. 

Philadelphia  &  Reading  Standard  Rail  Section,  150. 

Position  in  Ingot  of  Steel  Rails  Which  Failed,  105-134. 
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Rail  Failure  Statistics,  10,  n,  21-ii 
Rail  Head,  strength  of,  518-528. 
Rail  Sections,  standard,  143-187. 
Reciprocating  Machine,  397,  398. 
Rolling  Tests,  526-528,  536-540. 


Sections,  Standard  Rail,  143-187. 

Segregation  as  Influenced  by  Fire-Clay  on  Ingot,  494-51; 

Split  Head  Rail,  investigation  of,  469-494. 

Standard  Drilling  for  Rails,   13. 

Stationary  Tests,  521-525. 

Statistics  of  Rail  Failures,  10.  11.  21-187. 

Strength  of  Rail  Head,  518-528. 


Tennessee  Coal,  Iron  &  Railroad  Company  85-lb.  Rail,  drop  tests  on.  202- 

206. 
Tensile  Tests,  405-408,  418-423,  434-442,  454-462,  485-488,  536. 
Tests  of  B-essemer  Rails,  Maryland  Steel  Company,  387-398. 
Tests  of  Bessemer  Rails,  Illinois  Steel  Company,  413-427. 
Tests  of  Bessemer  Rails,  Carnegie  Steel  Company,  448-468. 
Tests  of  Rail  Joints,  13. 
Titanium  Bessemer  Rails,  Lackawanna  Steel  Company,  tests  on,  399-412. 

W 

Wheel  Loans,  flow  of  rail  head  under.  535-547. 


